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FOREWORD 

In  1951  the  Food  and  Nutrition  - Board  appointed  a  com¬ 
mittee  to  review  the  evidence  on  the  efficacy  of  sodium-re¬ 
stricted  diets  for  therapeutic  purposes  and  to  prepare  a  report 
which  would  summarize  the  clinical  and  dietary  conditions  for 
their  use.  Further  stimulus  to  the  endeavor,  including  partial 
financial  support,  was  provided  by  the  Council  on  Foods  and 
Nutrition  of  the  American  Medical  Association.  The  results 
of  the  committee’s  work  are  published  in  this  report. 

In  June  1954,  the  Federal  Food  and  Drug  Administration, 
as  a  result  of  public  hearings,  issued  a  regulation  requiring 
that  the  actual  sodium  content  of  special  dietary  foods  repre¬ 
sented  to  be  for  sodium  restriction  purposes  be  clearly  stated 
on  the  label.  The  present  report  should  prove  very  helpful  in 
complying  with  this  regulation  and,  thus,  in  the  reliable  attain¬ 
ment  of  sodium-restricted  diets. 

The  preparation  of  this  comprehensive  report  has  been  the 
responsibility  of  the  committee.  The  manuscript  was  critically 
reviewed  by  members  of  the  Food  and  Nutrition  Board  and  of 
the  Council  on  Foods  and  Nutrition.  The  Board  is  indebted 
to  all  those  who  have  given  their  time  and  thoughtful  attention 
to  the  development  of  this  publication,  and  hopes  that  it  will 
prove  to  be  a  helpful  contribution  to  the  understanding  of 
the  utility  and  the  limitations  of  a  particular  application  of 
dietary  therapeutics.  This,  like  many  such  procedures,  needs 
further  careful  observation  and  research. 

L.  A.  MAYNARD, 


Chairman. 


EXPLANATION  OF  TERMS 

Sodium  is  an  element  which  exists  in  food  only  in  association  with  other 
elements.  In  common  salt,  for  example,  sodium  is  combined  with  chlorine 
to  form  the  chemical  compound  sodium  chloride.  Among  many  other  ex¬ 
amples  of  compounds  of  sodium  are  sodium  bicarbonate  (baking  soda), 
sodium  hydroxide  (used  for  peeling  certain  fruits  and  vegetables,  preparing 
ripe  olives  and  hominy),  and  sodium  benzoate  (a  preservative). 

Equal  weights  of  different  sodium  compounds  do  not  contain  equal 
weights  of  sodium.  Therefore,  all  references  must  be  made  to  sodium, 
not  to  salt,  sodium  chloride,  sodium  bicarbonate,  etc.  With  respect  to 
sodium  chloride,  58.5  gm  or  one  “gram-molecule”  is  composed  of  23  gm  of 
sodium  (one  “gram-atom”)  and  35.5  gm  chlorine  (chloride)  (one  gram- 
atom).  One  gram-molecule  of  other  sodium  compounds,  e.g.  sodium  ben¬ 
zoate,  144  gm  and  sodium  bicarbonate,  84  gm,  likewise  contains  23  gm  of 
sodium. 

The  equivalent  weight  for  sodium  is  the  same  as  the  gram-atomic  weight. 

The  millimolecular  weight  (mM)  and  milliequivalent  weight  (mEq) 
are  one  thousandth  of  the  (gram)  molecular  weight  and  the  equivalent 
weight,  respectively. 

1  mEq  of  sodium  =  23  mg 

To  derive  the  sodium  content  in  mEq,  divide  the  weight  of  sodium  in 
mg  by  23. 

For  example,  if  the  sodium  content  of  milk  is  50  mg  per  100  gm,  or 
approximately  500  mg  per  liter,  the  mEq  weight  is_62g  =  about  22  mEq 
per  liter.  The  following  conversion  tables  further  illustrate  these  points 
and  may  be  useful. 

1000  mg  (1  gm)  of  sodium  =  43.5  mEq 
100  mg  of  sodium  -=  4.35  mEq 
10  mg  of  sodium  =  0.44  mEq 
1  mg  of  sodium  =  0.04  mEq 
100  mEq  of  sodium  =  2300  mg  (2.3  gm) 

10  mEq  of  sodium  =  230  mg 
1  mEq  of  sodium  =  23  mg 

10  gm  of  sodium  chloride  =  ^g  =  171  mEq 

of  sodium  chloride,  sodium,  or  chloride 
1  gm  of  sodium  chloride  =  17.1  mEq 

of  sodium  chloride,  sodium,  or  chloride 

To  convert  a  specified  weight  of  sodium  chloride  to  sodium,  multiply  by 
0  393 ;  e.g. :  10  gm  of  sodium  chloride  contains  3.93  gm  of  sodium. 
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INTRODUCTION 


The  popularity  of  sodium-restricted 
diets  has  increased  greatly  in  recent 
years  because  of  the  increased  knowl¬ 
edge  of  the  sodium  content  of  foods,  the 
availability  of  improved  methods  for  the 
determination  of  sodium  in  blood,  ui  ine, 
and  foods,  and  the  therapeutic  useful¬ 
ness  of  sodium  restriction  in  congestive 
heart  failure,  cirrhosis  of  the  liver,  hy¬ 
pertensive  disease,  certain  diseases  of 
the  kidneys,  and  the  toxemias  of  preg¬ 
nancy. 

This  report  is  designed  to  consider 
the  physiological  principles  involved  in 
i  the  use  of  “sodium-restricted  diets,” 
evidence  regarding  their  effectiveness 
and  possible  harm  in  treating  disease, 
and  their  planning  and  administration. 
The  foods  composing  a  sodium-restricted 
diet  1)  may  contain  small  to  moderate 
amounts  of  sodium  naturally,  2)  may 
be  prepared  especially  for  this  purpose 
by  not  adding  sodium  during  manufac¬ 
ture  or  by  removing  naturally  occurring 
sodium,  or  3)  may  be  processed  by 
standard  methods  and  also  furnish  only 
small  quantities  of  sodium.  The  sodium 
content  of  these  natural  and  processed 
foods  must  be  accurately  known  so  that 
doctor,  dietitian,  and  patient  can  deter¬ 
mine  the  appropriate  choice  of  foods  to 
insure  a  sodium  intake  within  a  pre¬ 
scribed  diet.  For  this  reason  comments 
and  tables  concerning  the  sodium  con¬ 
tent  of  foods  and  other  ingesta  are  in¬ 
cluded.  These  tables  also  indicate  the 
extent  of  our  knowledge  and  point  to 
the  necessity  for  many  more  analyses. 

The  nomenclature  commonly  used  in 
describing  the  sodium  content  of  diets 
and  of  foods  sometimes  is  confusing  and 
often  is  nonspecific.  As  sodium  alone 
is  the  concern  and  occurs  in  many  forms 
other  than  sodium  chloride,  the  term 


“salt”  should  not  be  used  in  describing 
foods  or  diets.  The  terms  “low-salt 
diet,”  “salt-poor  diet,”  “salt-free  food 
are  indefinite  or  even  inaccurate  and 
should  be  avoided.  The  diet  should  be 
referred  to  as  “sodium  restricted  and 
the  foods  as  “reduced  in  sodium  con¬ 
tent”  or  “packed  without  added  sodium.” 
The  generic  term  “low-sodium — ”  is 
also  indefinite  but  may  be  replaced  by 
these  more  accurate  terms  slowly,  since 
it  has  had  long  usage. 

The  sodium  content  of  a  food,  diet, 
or  body  fluid  may  be  expressed  in  terms 
of  weight  (milligrams  (mg)  or  grams 
(gm) )  per  unit  of  weight  or  volume,  or 
in  terms  of  chemical  equivalents  (mil- 
liequivalents  (mEq)).  (See  Explana¬ 
tion  of  Terms.)  The  research  worker 
and  sometimes  the  physician  may  refer 
to  milliequivalents,  but  for  most  pur¬ 
poses  milligrams  or  grams  will  be  sat¬ 
isfactory  and  best  understood.  The 
weight  in  milligrams  must  refer  to  so¬ 
dium,  not  to  sodium  chloride,  salt,  or 
chloride,  because  sodium  is  the  item  of 
consequence  and  a  great  difference 
exists  between  the  weights  of  physio¬ 
logically  and  chemically  equivalent 
amounts  of  sodium  as  salt,  sodium  chlor¬ 
ide,  sodium  bicarbonate,  or  other  sodium 
compounds  added  to  food.  (See  Explan¬ 
ation  of  Terms).  To  avoid  confusion 
and  to  increase  accuracy,  all  references 
should  be  to  sodium  in  milligrams  per 
100  grams,  portions  of  stated  size,  or 
100  cc,  unless  for  scientific  purposes 
the  term  “milliequivalent”  is  used. 

The  labeling  requirements  established 
by  the  Food  and  Drug  Administration 
are  as  follows:  “If  a  food  purports  to 
be  or  is  represented  for  special  dietary 
use  by  man  by  reason  of  its  use  as  a 
means  of  regulating  the  intake  of  so- 
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dium  or  salt  (sodium  chloride),  the 
label  shall  bear  a  statement  of  the 
number  of  milligrams  of  sodium  in  100 
grams  of  the  food  and  a  statement  of 
the  number  of  milligrams  of  sodium  in 
an  average  serving  of  the  food.  The 
average  serving  shall  be  expressed  in 
terms  of  a  convenient  unit  or  units  of 
such  food  or  a  convenient  unit  of  meas¬ 
ure  that  can  be  readily  understood  and 
utilized  by  purchasers  of  such  food.  For 
example,  an  average  serving  might  be 
expressed  in  terms  of  a  number  of  slices, 
cookies,  wafers,  etc.,  or  in  terms  of 
cupfuls,  tablespoonfuls,  teaspoonfuls, 
etc.”  (Federal  Register  July  1,  1954; 
19  F.  R.  3999) 

Perhaps  any  level  less  than  the  usual 
intake  of  sodium  could  be  considered 
“low”  but  may  not  be  necessarily  re¬ 
stricted  enough  to  bring  about  a  desir¬ 
able  response  in  the  patient.  A  study 
of  diet  manuals  in  use  throughout  the 
country  has  shown  that  so-called  “low- 
sodium”  diets  varied  in  their  estimated 
sodium  content  from  160  mg  to  1000 
mg  per  day  or  more  (1).  Thus,  the 
physician  who  prescribes  a  sodium-re¬ 
stricted  diet  without  indicating  the 


quantity  of  sodium  required  daily  might 
find  the  program  quite  effective  in  a 
hospital  using  a  low  level,  but  wholly 
without  benefit  to  his  patients  in  another 
hospital  in  which  the  higher  sodium 
level  is  employed. 

Harmful  results  may  follow  the  re¬ 
striction  of  sodium  intake,  and  these 
may  become  more  widespread  as  re¬ 
striction  becomes  more  rigid  and  more 
frequently  used.  Most  normal  individ¬ 
uals  can  withstand  severe  sodium  re¬ 
striction  without  ill  effects  because  the 
body  has  remarkably  effective  means  of 
conserving  sodium  (Section  I).  These 
mechanisms  of  conservation  may  become 
impaired,  in  which  case  sodium  restric¬ 
tion  might  be  harmful.  For  this  reason 
restriction  of  sodium  intake  should  not 
be  undertaken  or  continued  without  a 
physician’s  recommendation  and  fre¬ 
quent  evaluation.  The  complications  and 
contraindications  to  sodium  restriction 
are  discussed  in  more  detail  in  Section 
III. 

REFERENCE 

1.  Robinson,  C.  H.  The  restricted  sodium  diet 
— a  survey  of  problems  in  planning  and  ad¬ 
ministration.  J.  Am.  Dietet.  Assoc.  27: 
1075,  1951. 


I.  NORMAL  PHYSIOLOGY  OF  SODIUM  METABOLISM 


Sodium  Intake  and  Excretion 

Normally,  the  quantity  of  sodium  ex¬ 
creted  daily  equals  the  quantity  of  so¬ 
dium  ingested,  so  that  a  state  of  sodium 
balance  prevails.  Sodium  is  ingested  as 
it  occurs  in  food  and  as  sodium  chloride 
or  other  sodium  salts  added  to  food  for 
palatability  or  preservation.  In  this 
way,  the  sodium  intake  is  partly  deter¬ 
mined  by  taste  and  custom.  In  the 
United  States  the  daily  sodium  intake 
is  usually  about  3  to  6  gm  per  person 
per  day.  The  Japanese  often  consume 
10  to  15  gm  daily,  partly  from  soya 
sauce.  The  sodium  ingested  is  rapidly 
absorbed  from  the  gastrointestinal  tract 
and  distributed  throughout  the  fluid 
surrounding  body  cells  (extra-cellular 
fluid) . 

The  rapid  excretion  of  sodium  follow¬ 
ing  its  ingestion  permits  the  mainten¬ 
ance  of  a  constant  body  composition. 
The  primary  sites  of  sodium  excretion 
are  the  urine,  sweat,  and  feces,  the 
urinary  excretion  being  by  far  the  great¬ 
est.  Sweat  losses  are  variable,  depend¬ 
ing  upon  such  factors  as  environmental 
temperature,  humidity,  and  body  heat, 
but  are  usually  small  in  quantity.  In 
the  absence  of  diarrhea,  the  losses  of 
sodium  in  feces  are  small  and  change 
little  in  spite  of  marked  variations  in 
sodium  intake.  The  ability  of  the  lower 
intestine  and  the  colon  to  absorb  large 
quantities  of  sodium  and  water  accounts 
for  this.  Within  the  small  intestine  a 
constant  exchange  of  sodium  takes 
Place,  because  sodium  is  being  absorbed 
while  it  is  being  excreted  in  saliva,  bile 
pancreatic  juice,  and  other  intestinal 
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Sodium  Distribution  in  the  Body 

Approximately  55  to  65  per  cent*  of 
man’s  body  weight  is  water.  Forty  to 
45  per  cent  of  body  weight  is  water  con¬ 
tained  within  the  cells  (intracellular 
water),  and  15  to  20  per  cent  is  water 
located  extracellularly.  Three-fourths 
of  the  latter  consists  of  interstitial  fluid 
(bathing  the  cells),  and  one-fourth  is 
contained  within  the  blood  vessels  as 
plasma.  The  quantitative  relationships 
of  electrolytes  and  water  in  the  circu¬ 
lating  plasma  are  largely  responsible 
for  controlling  the  mechanisms  of  so¬ 
dium  and  water  excretion,  and  contrari¬ 
wise  they  are  precisely  controlled  by 
these  mechanisms.  Potassium  is  the 
cation  present  in  greatest  concentration 
in  the  intracellular  fluid.  Sodium  is  the 
cation  present  in  greatest  concentration 
in  the  extracellular  fluid,  although  it  is 
also  found  within  the  cells  and  in  bone. 

Of  the  anions,  phosphate  is  primarily 
intracellular  while  chloride  is  exclusive¬ 
ly  extracellular.  Extracellular  water 
contains  about  142  mEq  of  sodium  per 
liter.  Thus,  the  total  quantity  of  sodium 
contained  in  the  extracellular  fluid  in  a 
70-kg  man  would  amount  to  approxi¬ 
mately  1500  mEq  or  34,500  mg. 


Function  of  Sodium 

The  sodium  in  the  extracellular  fluid 
participates  in  maintaining  osmotic 
equilibrium  (water  balance)  between 
the  solutes  of  the  extracellular  fluid  and 
the  solutes  contained  within  the  cells. 
Fluctuations  from  osmotic  equilibrium 
may  have  dire  results  upon  the  func- 
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tional  capacity  and  the  viability  of  the 
cells.  Through  its  function  as  a  buffer 
base  in  conjunction  with  bicarbonate 
and  phosphate,  sodium  also  helps  main¬ 
tain  the  pH  of  blood  within  normal 
limits.  Other  functions  of  sodium,  alone 
or  in  relation  to  other  extracellular  ions, 
are  concerned  in  the  conduction  of  nerv¬ 
ous  impulses,  muscle  contractility,  and 
especially  the  control  of  heart  muscle 
conduction  and  contractility.  Sodium  is 
intimately  associated  with  the  disposi¬ 
tion  of  water,  since  normally  water  is 
retained  or  excreted  with  this  cation  in 
quantities  to  maintain  the  tonicity  of 
body  fluids,  although  the  specific  mech¬ 
anisms  involved  in  the  regulation  of 
the  excretion  of  sodium  and  water  are 
not  identical.  Homeostatic  mechanisms 
operate  to  conserve  either  water  or  so¬ 
dium,  depending  upon  the  relative  ex¬ 
cess  or  deficiency  of  these  materials  in¬ 
gested.  These  mechanisms  are  so  regu¬ 
lated  that  within  a  wide  range  of  in¬ 
takes  of  sodium  and  water  their  con¬ 
centration  and  quantity  within  the  body 
remain  almost  constant,  and  fluctua¬ 
tions  from  this  state  of  constancy  which 
occur  in  certain  disease  states,  even 
though  small  compared  with  total  body 
content  of  sodium  and  water,  may  result 
in  distressing  symptoms  or  disturbances 
in  cellular  function. 

Renal  Excretion  of  Sodium 

Since  sodium  is  closely  related  to  other 
extra-  and  intracellular  ions  and  to 
water,  it  is  difficult  to  consider  independ¬ 
ently  the  factors  regulating  sodium 
metabolism.  Nevertheless,  the  following 
discussion  will  be  limited  to  the  regula¬ 
tion  of  sodium  retention  and  excretion, 
with  the  full  realization  that  some  over¬ 
simplifications  have  been  made. 

Sodium  is  presented  to  the  kidney  by 
the  circulating  blood  plasma.  The  vol¬ 
ume  of  blood  plasma  passing  through 


the  kidney  per  minute  is  large,  being 
estimated  at  740  cc  (1300  cc  of  whole 
blood).  Of  this,  about  125  cc  of  protein- 
free  fluid  passes  through  the  glomerular 
membrane,  presumably  by  ultra-filtra¬ 
tion.  During  24  hours  the  volume  of 
glomerular  filtrate  wdll  amount  to  about 
180  liters.  Since  the  usual  daily  volume 
of  urine  is  from  1  to  2  liters  in  an  adult, 
almost  all  of  the  fluid  in  the  glomular 
filtrate  is  reabsorbed  as  it  passes  through 
the  kidney  tubules  after  leaving  the 
glomeruli.  The  reabsorbed  fluid  is  re¬ 
turned  to  the  circulating  blood.  The 
glomerular  filtrate  contains  wrater  and 
solutes,  including  sodium,  in  nearly  the 
same  concentrations  as  are  found  in 
plasma  (142  mEq  per  liter),  w^hich 
means  that  the  quantity  of  sodium  fil¬ 
tered  daily  is  of  the  magnitude  of  588 
gm  or  25560  mEq  (142  mEq  per  liter  x 
180  liters).  A  normal  adult  ingesting 
daily  a  diet  containing  slightly  over  100 
mEq  will  have  daily  approximately  100 
mEq  (2300  mg)  of  sodium  in  the  urine. 
This  means  that  25460  mEq  of  sodium, 
or  99.6  per  cent  of  that  filtered  through 
the  glomeruli,  have  been  reabsorbed  by 
the  tubules.  On  the  other  hand,  a  nor¬ 
mal  adult  whose  diet  has  been  rigidly 
restricted  in  sodium  for  several  days 
may  excrete  5  mEq  or  less  of  sodium  in 
the  urine  daily.  In  this  situation  99.98 
per  cent  of  the  filtered  sodium  has  been 
reabsorbed,  assuming  a  constant  plasma 
sodium  concentration  and  no  significant 
change  in  glomerular  filtration  attribut¬ 
able  to  sodium  restriction. 

The  quantity  of  sodium  excreted  into 
the  urine  (not  reabsorbed  by  the  renal 
tubules)  depends  upon  the  body  need 
for  sodium  and,  as  we  have  seen,  is  pre¬ 
cisely  controlled  by  the  kidney’s  ability 
to  alter  minutely  the  percentage  of  the 
filtered  sodium  it  retains  by  tubular  re¬ 
absorption.  If  excess  sodium  is  ingested 
without  water,  the  kidney  excretes  a 
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urine  with  a  high  concentration  of  so¬ 
dium.  If  the  diet  is  restricted  in  sodium, 
the  kidney  is  capable  of  elaborating  a 
urine  with  a  low  sodium  concentration 
which  maintains  the  concentration  of 
sodium  in  the  body  fluids  at  normal. 
The  ability  of  the  kidneys  to  control  so¬ 
dium  excretion  rests  with  their  capacity 
to  retain  by  tubular  reabsorption  vari¬ 
able  amounts  of  sodium  as  the  situation 
may  demand. 

The  renal  mechanism  for  the  regula¬ 
tion  of  sodium  excretion  is  influenced 
by  certain  hormones.  For  example,  pa¬ 
tients  with  deficient  function  of  the 
adrenal  cortex  (Addison’s  disease)  may 
lose  sodium  in  the  urine  in  excess  of 
intake  and  if  untreated  will  suffer  severe 
sodium  depletion.  The  urinary  wasting 
of  sodium  in  this  disease  can  be  re¬ 
versed  by  the  administration  of  desoxy- 
corticosterone  acetate  (DOCA),  a  syn¬ 
thetic  material  with  the  activity  of  cer¬ 
tain  adrenal  cortical  hormones.  The 
administration  of  DOCA  to  normal  in¬ 
dividuals  likewise  results  in  a  decrease 
in  the  excretion  of  sodium  in  the  urine 
and  also  in  the  sweat.  This  hormone 
and  others  derived  from  the  adrenal 
glands  influence  the  renal  tubular  capa¬ 
city  to  reabsorb  sodium  and  also  in- 


ffuence  other  organs  concerned  with 
dium  excretion,  e.g.,  the  sweat  glar 
and  probably  also  the  gastrointesti] 
tract.  The  anterior  portion  of  the  pit 
tary  gland  elaborates  hormones  whi 
have  a  stimulatory  effect  upon  otl 
glands.  The  effect  of  one  anterior  pit 
tary  hormone,  adrenocorticotropic  h< 
mone  (ACTH)  is  to  stimulate  the  sec 
tion  of  hormones  by  the  adrenal  cort. 
Whether  or  not  the  salt-retaining  h< 
mone(s)  (DOCA  and  DOCA-like  co 
pounds)  of  the  adrenal  gland  are  amo 
those  influenced  by  pituitary  activ] 
is  not  established  finally. 


The  posterior  portion  of  the  pituitary 
gland  elaborates  an  antidiuretic  hor¬ 
mone  (ADH)  whose  primary  action  is 
to  decrease  the  renal  excretion  of  water 
by  increasing  water  reabsorption  from 
the  kidney  tubules.  An  increase  in  the 
osmotic  pressure  of  the  blood  reaching 
osmoreceptors  in  or  near  the  brain 
serves  as  a  stimulus  for  ADH  secretion 
by  the  posterior  pituitary  gland.  In  this 
way  ADH  contributes  to  the  mainten¬ 
ance  of  normal  body  water  content  by 
allowing  for  water  conservation  in  time 
of  need  and  water  excretion  when  excess 
is  ingested.  By  regulating  the  quantity 
of  water  reabsorbed  by  the  renal  tub¬ 
ules,  the  concentration  of  solutes  in  the 
urine  is  also  affected.  ADH  has  no  sig¬ 
nificant  effect  upon  the  quantity  of  so¬ 
dium  excreted  in  the  urine,  but  only 
upon  its  concentration. 

!\ormal  Response  to  Sodium  Restriction 

A  precise  sequence  of  events  ensues 
when  a  normal  individual  ingesting  a 
normal  diet  and  not  exposed  to  unusual 
environmental  conditions  or  to  limita¬ 
tion  of  water  intake  changes  abruptly 
to  a  diet  rigidly  restricted  in  sodium 
(e.g.:  230  mg  (10  mEq)  daily).  During 
the  first  days  of  the  sodium-restricted 
diet,  urinary  sodium  excretion  rapidly 
and  progressively  decreases  until  about 
the  fifth  day,  when  the  losses  of  sodium 
are  small  (115  mg  (5  mEq)  or  less 
daily)  and  relatively  constant.  Thus,  for 
a  few  days  more  sodium  is  excreted 
than  is  ingested  and  a  negative  balance 
of  sodium  exists,  which  disappears  as 
maximum  sodium  conservation  is  effect¬ 
ed  by  the  action  of  the  renal  regulatory 
mechanisms  described  above.  The  con¬ 
centration  of  sodium  in  the  sweat  is  like¬ 
wise  reduced  with  constant  sodium  de¬ 
privation.  The  quantity  of  sodium  in 
gastrointestinal  secretions  may  be  re¬ 
duced  also,  although  this  is  not  es- 
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tablished.  However,  as  noted  above, 
changes  in  fecal  excretion  of  sodium 
are  of  little  significance  because,  even 
m  hen  usual  quantities  of  sodium  are 
ingested,  little  is  excreted  in  this 
manner.  During  the  initial  period  of 
negative  sodium  balance,  the  normal 
subject  may  lose  one  or  two  kilograms 
of  body  weight,  attributable  to  loss  with 
the  electrolyte  of  an  appropriate  amount 
of  water.  This  is  substantiated  by  a 
small  rise  in  hematocrit,  reflecting  a 
reduction  in  plasma  volume.  After  the 
five  or  six  days  of  dietary  sodium  re¬ 
striction  required  for  the  body's  regula¬ 
tory  mechanisms  to  adjust  to  the  change 
in  the  sodium  content  of  the  diet,  sta¬ 
bilization  of  the  urine  and  sweat  sodium 
excretion,  body  weight,  and  hematocrit 
occurs.  Were  the  regulatory  mechan¬ 
isms  not  to  respond  promptly  and  ade¬ 
quately  to  bring  about  this  stabilization, 
demise  would  undoubtedly  result.  All 
of  the  changes  due  to  sodium  restriction 
are  reversed  in  from  three  to  five  days 
following  the  refeeding  of  sodium,  at 
least  after  brief  periods  (10  days)  of 
sodium  restriction.  The  effects  of  pro¬ 
longed  dietary  sodium  chloride  restric¬ 
tion  in  normal  individuals  have  not  been 
investigated  extensively. 

The  preceding  discussion  has  dealt 
with  sodium  metabolism  in  the  normal 
individual,  which  depends  upon  the  in¬ 
tegrity  and  functional  capacity  of  the 


kidney  and  of  certain  of  the  endocrine 
glands.  Diseases  involving  these  organs 
may  influence  profoundly  and  adversely 
the  sequence  of  events  described.  Even 
with  the  regulating  mechanisms  operat¬ 
ing  normally,  sodium  loss  will  result 
from  prolonged  vomiting,  diarrhea,  ex¬ 
posure  to  heat,  continued  profuse  sweat¬ 
ing,  or  the  exudation  of  fluid  from 
burned  or  other  denuded  areas.  These 
abnormal  losses  of  sodium  must  be  con¬ 
sidered  when  sodium  restriction  is 
planned. 
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II.  THE  USE  SODIUM-RESTRICTED  DIETS  IN  DISEASE  STATES 


The  purpose  of  this  section  is  to  re¬ 
view  the  use  of  diets  restricted  in  so¬ 
dium  in  the  treatment  of  certain  dis- 
■  eases,  to  indicate  the  effects,  both  help¬ 
ful  and  harmful,  that  sodium  restriction 
may  have,  and  to  describe  the  mechan¬ 
ism  of  action  when  known.  Certain  key 
references  are  included,  but  a  compre¬ 
hensive  review  of  the  literature  has  not 
been  made.  Sodium  restriction  is  not 
necessarily  always  effective  nor  harm¬ 
less  in  the  disease  conditions  in  which 
it  has  been  advocated,  as  will  be  pointed 
out. 

The  dietary  restriction  of  sodium  in 
the  treatment  of  diseases  is  not  new. 
In  1901  Achard  and  Loeper  (1)  demon¬ 
strated  that  the  quantity  of  salt  in¬ 
gested  was  related  to  edema  formation 
in  patients  with  heart  disease.  Clinical 
edema  is  due  to  an  increased  quantity  of 
interstitial  fluid.  Despite  subsequent  in¬ 
vestigations,  the  fundamental  mechan¬ 
isms  concerned  with  edema  formation 
and  its  control  by  sodium  restriction  are 
still  not  well  understood.  Nevertheless, 
certain  facts  can  be  stated. 

The  body  has  homeostatic  mechanisms 
which  maintain  the  sodium  and  also 
chloride  and  other  ionic  concentrations 
at  a  normal  level  (Section  I) .  Normally, 
sodium  ingested  in  excess  of  body  need 
is  excreted  in  the  urine ;  contrariwise, 
"  hen  sodium  in  the  diet  is  restricted, 
uiinary  excretion  decreases  proportion¬ 
ately.  If,  however,  disease  causes  fluid 
retention  in  the  body  and  edema  forms, 
this  is  reflected  by  a  diminished  urinary 
excretion  of  sodium  and  of  water.  If 
sodium  intake  is  restricted  in  this  cir¬ 
cumstance,  further  edema  formation 
will  usually  not  occur  and  the  excess 
water  ingested  will  be  excreted  in  the 
urine,  because  the  mechanisms  which 


maintain  the  concentration  of  sodium 
in  the  extracellular  fluid  do  not  permit 
the  retention  of  water  without  sodium. 
In  this  way  a  normal  or  near  normal 
concentration  of  sodium  in  the  body 
fluids  is  maintained.  Were  water  to  be 
retained  without  the  corresponding 
quantity  of  sodium,  the  body  sodium 
would  be  diluted,  resulting  in  a  progres¬ 
sive  fall  in  serum  sodium  concentration. 
This  indeed  may  occur  in  certain  clini¬ 
cal  situations,  but  homeostasis  is  usually 
effective  against  any  important  fall  in 
serum  sodium  concentration. 

In  summary,  restriction  of  sodium  in 
the  diet  of  patients  who  are  forming 
edema  will  promptly  prevent  further 
edema  formation  if  the  homeostatic 
mechanisms  maintaining  the  serum  so¬ 
dium  at  an  approximately  normal  level 
are  functioning  properly.  These  mech¬ 
anisms  usually  are  adequate.  When  they 
are  not,  either  sodium  continues  to  be 
eliminated  from  the  body  or  water  re¬ 
tention  occurs,  and  as  a  consequence  to 
either  or  both  of  these  the  serum  sodium 
concentration  falls.  If  of  sufficient  de¬ 
gree,  such  a  fall  will  lead  to  sodium 
depletion  or  water  intoxication  and  may 
be  incompatible  with  life.  A  brief  dis¬ 
cussion  of  this  condition,  which  has  be¬ 
come  known  as  “sodium  depletion  syn¬ 
drome,”  will  be  found  in  Section  III. 
These  theoretical  grounds  lay  the  basis 
for  the  therapeutic  use  of  diets  re¬ 
stricted  in  sodium  in  the  treatment  of 
edematous  states. 

A  number  of  conditions  not  neces- 
sarily  associated  with  the  abnormal  ac¬ 
cumulation  of  fluid  also  have  been 
treated  with  sodium  restriction.  This  is 
particularly  true  of  hypertension  and 
some  kinds  of  renal  disease.  Effective¬ 
ness  of  sodium  restriction  in  the  treat- 
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ment  of  these  diseases  is  neither  as 
striking  nor  as  readily  demonstrated 
as  in  edematous  states.  Nevertheless, 
benefits  may  accrue  to  the  patient  which 
may  sometimes  be  marked,  especially  in 
severe  hypertensive  disease.  The  results 
are  variable  and  the  mechanism  of  ac¬ 
tion  of  sodium  restriction  in  these  dis¬ 
eases  is  poorly  explained,  but  what  is 
known  will  be  discussed  briefly  in  the 
sections  to  follow. 

Clinical  Results  in  Specific  Conditions 

Prescribing  a  sodium-restricted  diet, 
like  most  other  effective  measures  in  the 
physician’s  armamentarium,  may  be 
valuable  but  is  also  potentially  harmful. 
The  physician  must  weigh  carefully 
the  potential  hazard  against  the  thera¬ 
peutic  benefit  expected. 

Congestive  Cardiac  Failure.  Although 
sodium  restriction  has  been  used  for 
many  years  in  the  treatment  of  the  ab¬ 
normal  fluid  accumulation  accompany¬ 
ing  congestive  heart  failure,  limited 
data  are  available  defining  its  useful¬ 
ness  in  various  types  of  heart  disease, 
and  the  degree  of  sodium  restriction 
which  is  necessary  and  safe  is  not  en¬ 
tirely  clear.  Many  of  the  past  studies 
indicating  poor  or  variable  effectiveness 
have  employed  diets  less  rigidly  re¬ 
stricted  in  sodium  than  those  that  are 
popular  and  more  easily  obtained  today. 
The  lack  of  beneficial  effect  observed 
in  a  number  of  patients  may  have  been 
due  to  insufficient  sodium  restriction. 
Likewise,  the  rarity  of  complications, 
especially  of  the  “sodium  depletion  syn¬ 
drome,’’  may  reflect  a  considerable  in¬ 
take  of  sodium.  In  fact,  diets  with 
sodium  restricted  to  0.5  gm  or  less  daily 
have  not  been  used  extensively  in  con¬ 
gestive  heart  failure  and  may  be  too  low 
for  prolonged  use  in  some  cases  unless 
the  patient  is  carefully  watched.  Pa¬ 
tients  with  heart  failure  due  to  hyper¬ 


tensive  and  arteriosclerotic  heart  dis¬ 
ease  respond  better  than  those  with 
rheumatic  heart  disease,  according  to 
Wheeler,  Bridges,  and  White (  2). 

The  results  of  the  administration  of 
a  diet  furnishing  only  50  mg  (2.25  mEq) 
of  sodium  daily  to  seven  patients  with 
congestive  heart  failure  are  described 
by  Iseri,  Boyle,  and  Myers  (3).  Before 
the  study  began,  the  patients  had  been 
maintained  with  a  diet  presumably  fur¬ 
nishing  between  400  and  1000  mg  of 
sodium  daily.  Upon  changing  to  the 
50-mg-sodium  diet  all  seven  lost  weight, 
ranging  from  1.3  to  13.7  kg  in  the  6  to 
16  days  of  study.  The  one  patient  who 
lost  only  1.3  kg  in  weight  sustained  no 
sodium  diuresis.  The  others  lost  from 
275  to  4400  mg  of  urinary  sodium  daily. 
If  these  patients  represent  typical  con¬ 
gestive  cardiac  failure,  this  condition  is 
associated  with  less  marked  retention 
of  sodium  than  occurs  in  some  other 
edematous  states,  particularly  cirrhosis 
of  the  liver  with  ascites  and  edema. 
Further  evidence  presented  by  Farns¬ 
worth  (4)  suggests  that  the  sodium  ex¬ 
cretion  in  patients  with  congestive  heart 
failure  is  not  reduced  as  drastically  as 
it  is  in  patients  with  cirrhosis  of  the 
liver  forming  ascites.  On  this  basis  one 
might  expect  sodium  restriction  to  be 
more  effective  in  congestive  heart  fail¬ 
ure  than  in  cirrhosis,  and  for  the  same 
reason  perhaps  more  dangerous. 

Hypertension.  The  treatment  of  hy¬ 
pertension  with  sodium  restriction  is  a 
different  problem  from  that  of  conges¬ 
tive  heart  failure  and  other  edematous 
states.  Edema  may,  of  course,  occur  in 
patients  with  hypertension  but  usually 
only  as  a  result  of  heart  or  renal  failure. 
This  section  deals  with  hypertension 
uncomplicated  by  edema  or  other  evi¬ 
dence  of  heart  failure.  An  historical 
review  of  the  treatment  of  hypertension 
by  sodium  restriction  is  presented  by 
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Chapman  and  Gibbons  (5).  The  rela¬ 
tion  of  blood  pressure  to  intake  of  cal¬ 
ories,  protein,  and  fat  as  well  as  of  other 
dietary  factors  is  covered  in  their  criti¬ 
cal  discussion  and  bibliography.  Shorter 
reviews  are  to  be  found  in  Nutrition 
Reviews  (6,  7).  The  reasons  for  what¬ 
ever  degree  of  effectiveness  sodium  re¬ 
striction  may  have  in  hypertension  are 
not  known,  nor  are  the  effects  of  the 
various  nutrients,  including  sodium,  in 
the  genesis  of  hypertension  clearly  un¬ 
derstood.  Restriction  of  sodium  appears 
to  be  more  important  than  that  of  pro¬ 
tein,  fat,  or  calories  in  treatment,  al¬ 
though  calorie  reduction  with  subse¬ 
quent  weight  reduction  in  the  obese  hy¬ 
pertensive  patient  is  sometimes  an  ef¬ 
fective  measure.  In  this  country  Allen 
and  colleagues  (8)  first  advocated  salt 
restriction  in  the  treatment  of  hyper¬ 
tension.  The  results,  however,  were  not 
widely  accepted  until  W.  Kempner  (9, 
10)  in  1944  advocated  a  rice-fruit  diet 
and  focused  attention  again  on  sodium 
restriction. 

The  “Kempner  diet”  consists  entirely 
of  rice,  fruit  and  fruit  juices,  sugar,  and 
a  vitamin  supplement.  It  furnishes 
about  2000  calories,  between  15  and  30 
gm  of  protein,  4  to  6  gm  of  fat,  and  from 
100  to  150  mg  (4. 4-6. 5  mEq)  of  sodium 
daily.  The  diet  is  somewhat  liberalized 
after  reduction  of  blood  pressure  and 
alleviation  of  the  symptoms.  Many  of 
Kempner’s  patients  have  improved  sub¬ 
jectively  and  in  the  objective  signs  of 
hypertensive  disease.  It  has  been  ar¬ 
gued  that  improvement  could  not  be  at¬ 
tributed  entirely  to  the  rice  diet,  since 
prolonged  control  periods  of  rest  under 
hospital  conditions  before  the  diet  was 
begun  were  not  included  in  his  studies 
Moreover,  since  protein  and  fat  were 
also  extremely  low  in  the  rice  diet,  it 
has  been  questioned  whether  sodium  re¬ 
striction  was  in  itself  the  effective  meas¬ 


ure.  Greater  control  of  the  hospital  and 
dietary  factors  has  been  employed  by 
Watkin  et  al.  (11)  who  concluded  that 
sodium  restriction  was  the  most  im¬ 
portant  aspect  of  the  Kempner  rice- 
fruit  diet. 

Reports  of  the  effectiveness  of  the 
rice  diet  vary  from  clinic  to  clinic.  A 
review  of  several  studies  in  which  the 
rice  diet  was  used  with  adequate  con¬ 
trols  in  the  treatment  of  hypertension 
concluded  that  approximately  a  third 
of  75  patients  had  a  significant  reduc¬ 
tion  in  blood  pressure  attributable  to 
the  diet  (12).  Similar  although  some¬ 
what  poorer  results  were  reported  by 
Loofbourow,  Callahan,  and  Palmer  (13) 
who  observed  remarkable  improvement 
in  a  few  patients  but  felt  that  on  the 
whole  the  results  were  not  better  than 
those  obtained  with  ordinary  medical 
therapy.  Moreover,  the  rice  diet  is,  as 
many  have  found,  difficult  for  patients 
to  continue  because  of  its  lack  of  varia¬ 
tion  and  its  unpalatability.  Thus,  the 
results  for  the  rice  diet  in  the  treatment 
of  hypertension  have  engendered  great 
enthusiasm  and  extreme  conservatism. 
At  the  present  writing  it  seems  reason¬ 
able  to  believe  that  the  rice  diet  is  one 
of  the  therapeutic  regimens  effective 
in  some  patients  with  hypertension,  es¬ 
pecially  those  severely  ill. 

Sodium-restricted  diets  containing  a 
wider  variety  of  foods  than  the  rice  diet 
have  also  been  studied  in  connection 
with  hypertension.  The  first  wave  of 
popularity  arose  from  the  studies  of 
Allen  referred  to  above.  The  results  of 
later  investigations  appear  to  indicate 
that  such  diets  may  be  effective,  per¬ 
haps  as  effective  as  the  rice  diet.  More 
work  must  be  done  with  larger  groups 
of  patients  before  the  results  of  sodium 
restriction  in  an  otherwise  adequate 
diet  can  be  assessed  finally. 
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A  number  of  metabolic  changes  occur 
in  hypertensive  disease  when  sodium 
restriction  is  severe.  Some  investigators 
consider  these  serious  enough  to  con¬ 
traindicate  the  use  of  the  diet.  These 
will  be  discussed  further  in  Section  III. 

Renal  Disease.  Fluid  accumulation 
and  edema  formation  commonly  occur 
in  patients  with  the  various  forms  of 
renal  disease,  particularly  acute  glo¬ 
merulonephritis,  the  nephrotic  syn¬ 
drome,.  chronic  pyelonephritis,  and  in¬ 
tercapillary  glomerulosclerosis.  In  acute 
glomerulonephritis,  during  the  period  of 
oliguria  or  anuria  sodium  retention  is 
marked  and  contributes  to  edema  forma¬ 
tion.  Dietary  sodium  restriction  during 
this  phase  of  nephritis  is  a  well  known 
and  a  rational  means  of  therapy,  al¬ 
though  it  is  doubtful  that  it  alters  the 
course  of  the  disease  (14). 

In  the  nephrotic  syndrome  character¬ 
ized  by  massive  albuminuria  and  hypo- 
albuminemia,  edema  in  its  most  severe 
grades  occurs.  Urinary  sodium  excre¬ 
tion  is  usually  greatly  reduced,  sodium 
being  retained  in  the  body  in  the  forma¬ 
tion  of  edema  fluid.  Severe  sodium  re¬ 
striction  in  the  treatment  of  this  condi¬ 
tion  has  been  little  studied.  The  few 
clinical  studies  in  which  mild  to  moder¬ 
ate  sodium  restriction  was  practiced 
have  shown  benefit  in  the  prevention  of 
edema  and  ascites  reaccumulation. 
Hence  it  is  accepted  practice  in  many 
hospitals  for  physicians  to  prescribe 
sodium-restricted  diets  for  these  pa¬ 
tients;  but,  as  in  congestive  heart  fail¬ 
ure,  it  is  questionable  how  often  strict 
sodium  restriction  is  adhered  to,  and 
for  this  reason  the  results  are  difficult 
to  evaluate.  Sodium-restricted  diets  are 
special  problems  in  the  treatment  of 
children  with  poor  appetites.  The  pro¬ 
vision  of  unsalted  and  tasteless  foods 
may  further  decrease  food  intake  needed 
for  growing  children  and  required  to 


replace  the  protein  lost  in  the  urine. 

Edema  occurs  in  some  other  cases  of 
chronic  glomerulonephritis  and  may  be 
controlled  or  relieved  by  dietary  sodium 
restriction.  Urinary  sodium  wastage 
may  occur  in  other  cases  of  chronic 
renal  disease  leading  to  sodium  deple¬ 
tion  and  the  “low-sodium  syndrome.” 
This  will  be  discussed  further  in  Section 

Cirrhosis  of  the  Liver.  Chronic  liver 
disease  is  often  associated  with  a  high 
portal  vein  pressure  and  a  low  serum 
colloid  osmotic  pressure.  As  a  result  of 
these  and  perhaps  other  factors,  the 
formation  of  abdominal  fluid  (ascites) 
and  of  edema  of  the  lower  extremities  is 
a  common  and  distressing  complication. 
Abdominal  paracentesis  to  relieve  the 
patient  from  the  distress  of  the  ascitic 
fluid  accumulations  has  been  practiced 
by  many  generations  of  physicians. 

During  ascites  and  edema  accumula¬ 
tion,  sodium  excretion  in  the  urine  falls 
to  low  values,  usually  below  50  mg  per 
day.  All  ingested  sodium  goes  to  the 
formation  of  the  ascitic  and  edema  fluid. 
Rigid  restriction  of  dietary  sodium  is 
effective  in  preventing  the  continued 
accumulation  of  ascites  and  edema  (4, 
16,  17).  As  soon  as  sodium  restriction 
is  begun,  ascites  and  edema  formation 
ceases.  In  a  small  number  of  patients 
diuresis  with  loss  of  ascites  and  edema 
may  occur  promptly  or  within  a  few 
days  after  sodium  restriction  is  insti¬ 
tuted.  Many  patients  need  restricted 
sodium  intake  for  many  months  or  even 
for  a  year  or  more  before  loss  of  ascites 
and  edema  occurs. 

Because  rigid  sodium  restriction  pre¬ 
vents  the  reaccumulation  of  ascites,  it 
likewise  makes  paracentesis  unneces¬ 
sary.  The  depletion  of  protein  and  other 
nutrients  resulting  from  paracentesis  is 
prevented,  and  the  patient  has  a  better 
chance  to  regain  a  more  nearly  normal 
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nutritional  status  and  to  improve  his 
liver  function. 

Metabolic  studies  on  patients  with 
cirrhosis  of  the  liver  have  shown  that 
diets  furnishing  from  200  to  400  mg 
(10  to  15  mEq)  of  sodium  per  day  will 
prevent  the  reaccumulation  of  fluid. 
When  sodium  intake  is  increased  much 
above  this,  ascites  and  edema  forma¬ 
tions  usually  recommence  and  the  mag¬ 
nitude  of  the  fluid  accumulation  is  di¬ 
rectly  proportional  to  the  sodium  intake. 
Sodium  restriction  must  not  compro¬ 
mise  the  provision  of  adequate  calories, 
protein,  and  other  essential  nutrients 
to  patients  with  cirrhosis  (see  Sec¬ 
tion  III). 

Toxemias  of  Pregnancy.  The  “tox¬ 
emias  of  pregnancy”  are  characterized 
by  hypertension,  albuminuria,  and  ede¬ 
ma  and  have  been  well  known  for 
many  years.  Benefit  may  be  achieved 
by  a  restriction  of  sodium  intake  (18). 
In  those  patients  in  whom  fluid  reten¬ 
tion  is  the  primary  phenomenon,  sodium 
restriction  is  an  effective  therapeutic 
measure  which  may  reverse  the  clinical 
condition  entirely.  The  mechanism  of 
the  sodium  and  concurrent  water  re¬ 
tention  in  the  toxemias  of  pregnancy  is 
not  known. 


Meniere's  Disease.  Meniere’s  disease 
is  associated  with  changes  in  the  laby¬ 
rinth  of  the  inner  ear,  resulting  in 
vertigo.  The  condition  is  distressing 
and  has  been  treated  by  sedatives  or 
by  surgical  section  of  the  vestibular 
nerve  or  its  branches. 


Abnormalities  in  electrolyte  meta 
hsm  have  been  proposed  as  etiologica 
important  in  Meniere’s  disease,  a 
sodium  restriction  in  particular  has  be 
used  as  a  therapeutic  measure  (19)  p 
some  patients  restriction  of  diets 
sodmm  seems  moderately  effect! 
Many  others  find  that  the  effect 


transitory  or  not  evident.  It  cannot  be 
stated  with  certainty  at  the  present  time 
that  sodium  restriction  is  an  important 
therapeutic  measure  in  Meniere’s  dis¬ 
ease.  Further  studies  must  be  done  to 
substantiate  its  effectiveness  or  the  lack 
of  it. 


Hormone  Therapy.  Adrenocorticotro¬ 
pic  hormone  (ACTH)  and  adrenal  cor¬ 
tical  hormones  (e.g.,  cortisone)  are  be¬ 
ing  used  in  the  treatment  of  many  ill¬ 
nesses  such  as  rheumatoid  arthritis, 
chronic  skin  disease,  allergies,  inflam¬ 
matory  eye  diseases,  hematologic  dis¬ 
orders,  and  others  (20).  Sodium  reten¬ 
tion  is  one  of  the  frequent  metabolic 
consequences  following  administration 
of  these  therapeutic  agents.  In  some 
cases  this  may  be  of  sufficient  magnitude 
to  result  in  the  formation  of  edema. 
Hypertension  may  also  result.  Restric¬ 
tion  of  dietary  sodium  in  patients  re¬ 
ceiving  these  medications,  especially  for 
long  periods  of  treatment,  may  prevent 
or  alleviate  these  undesirable  side  ef¬ 
fects  of  therapy  (21).  This  is  particu¬ 
larly  true  for  patients  with  heart,  kid¬ 
ney,  or  liver  diseases  who  may  have  a 
predisposition  to  accumulate  fluid. 

Similarly,  other  hormones  such  as 
estrogens,  stilbestrol,  and  testosterone 
have  sodium-retaining  actions.  These 
agents  find  use  in  the  management  of 
the  menopause  and  for  patients  with 
certain  types  of  cancer.  Although  there 
is  relatively  little  information  available 
concerning  sodium  retention  with  con¬ 
sequent  edema  formation  as  a  complica¬ 
tion  of  therapy  with  these  hormones, 
restriction  of  sodium  in  the  diet  would 
presumably  help  to  control  edema  for¬ 
mation. 
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Ill  COMPLICATIONS  OF  SODIUM  RESTRICTION  AND  CONTRA¬ 
INDICATIONS  TO  ITS  USE 


The  Hazard  of  Compromising 
Adequate  Nutrition 

In  Section  IV  it  is  pointed  out  that 
diets  severely  restricted  in  sodium  may 
be  inadequate  in  other  nutrients  essen¬ 
tial  to  man,  especially  protein  of  high 
biological  value  or  the  vitamins  of  the 
B  complex.  Certain  other  nutrients  may 
also  be  reduced.  Even  though  the  in¬ 
take  may  be  below  the  allowances  of 
the  National  Research  Council’s  Food 
and  Nutrition  Board,  these  reductions 
in  nutrient  intake  may  not  be  of  import¬ 
ance  if  the  restricted  diet  is  not  con¬ 
tinued  for  long  periods  of  time.  When 
the  diet  is  severely  restricted  in  sodium 
for  long  periods,  however,  as  it  is  with 
the  Kempner  rice-fruit  diet,  or  when 
many  of  the  foods  used  are  processed 
to  remove  sodium,  reduction  of  intake 
of  essential  nutrients,  especially  vita¬ 
mins,  may  occur  (1).  The  Kempner  diet 
is  supplemented  with  vitamins,  and  de¬ 
ficiency  states  of  these  vitamins  would 
not  be  expected.  Accurate  information 
concerning  the  extent  of  depletion  be¬ 
cause  of  processing  must  be  readily 
available  to  physicians  considering  rec¬ 
ommending  these  foods  to  their  patients. 
Manufacturers  of  foods  from  which  so¬ 
dium  and,  concomitantly,  other  essential 
nutrients  have  been  removed  should  be 
urged  to  so  state  on  their  labels,  indi¬ 
cating  the  percentage  reduction  in  nu¬ 
trients.  It  is  then  incumbent  upon  the 
physician  to  assess  the  nutritional  ade¬ 
quacy  of  a  diet  he  is  prescribing  and 
to  supplement  when  necessary  with  the 
deficient  nutrients,  in  natural  form  or 
in  pure  form  if  this  is  necessary  to  avoid 
increased  sodium  intake. 


The  “ Sodium  Depletion  Syndrome” 

When  sodium  is  lost  from  the  body  in 
excess  of  water  or  when  water  is  re¬ 
tained  without  sodium,  the  serum  so¬ 
dium  concentration  (normally  about 
136  to  146  mEq/1.)  may  fall  to  low 
levels  (usually  below  130  mEq/1.  and 
to  110  mEq/1.  or  below) ,  and  a  decrease 
in  urinary  output  with  edema  formation 
and  nitrogen  retention  may  occur  (2). 
The  precise  mechanism  of  production 
of  this  syndrome  is  not  clear.  Never¬ 
theless,  it  is  an  important  clinical  en¬ 
tity  in  certain  diseases.  As  noted  above, 
for  normal  individuals  sodium  restric¬ 
tion  is  followed  by  a  prompt  reduction 
in  urinary  sodium  excretion.  Likewise, 
an  increase  in  water  ingestion  causes 
diuresis.  In  this  way,  under  normal  cir¬ 
cumstances,  the  homeostatic  mechan¬ 
isms  prevent  water  intoxication  or  ex¬ 
cessive  salt  loss. 

Hot  environmental  conditions  (for 
example,  the  tin  mines  of  England, 
boiler  rooms,  the  hot  desert)  may  lead 
to  losses  of  sodium  great  enough  to 
result  in  hyponatremia,  particularly  if 
the  individuals  so  exposed  have  not 
become  acclimatized  (3). 

The  sodium  depletion  syndrome  may 
be  treated  by  the  oral  or  parenteral  ad¬ 
ministration  of  sodium  (usually  as  salt) 
in  suitably  concentrated  solutions. 

Urinary  sodium  wastage  may  occur 
following  severe  trauma  or  surgical  op¬ 
eration.  This  loss  has  been  investigated 
by  a  number  of  workers  (e.g.,  Moore 
(4))  and  is  thought  to  be  related  in 
part  to  pituitary-adrenal  stimulation. 
Certain  patients  with  chronic  glomerulo¬ 
nephritis  also  lose  the  ability  to  retain 
sodium  normally  and  sodium  excretion 
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may  continue  when  the  intake  is  re¬ 
duced  (5).  Under  these  conditions  of 
continued  sodium  excretion,  dietary 
sodium  restriction  will  lead  rapidly  to 
serious  body  sodium  depletion.  For  ex¬ 
ample,  a  patient  with  congestive  heart 
failure  or  hypertension,  maintained 
with  a  diet  rigidly  restricted  in  sodium, 
might  find  himself  in  difficulty  were  he 
suddenly  exposed  to  the  heat  of  the 
desert  or  had  he  a  concomitant  “sodium- 
losing”  nephritis.  Iatrogenic  sodium 
depletion,  which  may  be  severe  enough 
to  lead  to  the  appearance  of  the  sodium 
depletion  syndrome,  may  occur  in  pa¬ 
tients  who  are  given  frequent  injections 
of  mercurial  diuretics,  especially  when 
dietary  sodium  is  restricted  (6).  Again, 
this  may  be  rapidly  corrected  by  the 
parenteral  administration  of  solutions 
of  sodium  chloride. 

The  possibility  that  the  low-sodium 
syndrome  may  occur  does  not  contra¬ 
indicate  the  use  of  a  sodium-restricted 
diet  when  suitable,  but  it  is  important 
that  the  patients  be  watched  carefully 
for  evidences  of  sodium  depletion.  Fre¬ 
quent  measurement  of  serum  sodium 
concentration  is  desirable  before  and 
during  the  first  few  weeks  of  a  sodium- 
restricted  diet  and  also  following  a 
change  in  therapeutic  regimen  or  in 
environmental  conditions.  A  progres¬ 
sively  falling  serum  sodium  concentra¬ 
tion  is  reason  for  careful  reevaluation. 
Many  patients,  especially  with  cirrhosis 
of  the  liver  before  sodium  restriction, 
display  asymptomatic  hyponatremia. 
This  does  not  necessarily  contraindicate 
sodium  restriction.  In  fact,  some  of  these 
patients  may  exhibit  a  rise  in  serum 
sodium  concentration  during  sodium 
restriction  (7,  8).  Repeated  examina¬ 
tion  of  the  patient,  with  special  refer¬ 
ence  to  body  weight  as  a  measure  of 
edema  formation,  is  also  important. 
When  sodium  restriction  which  has 


been  effective  becomes  ineffective  and 
edema  formation  increases,  especially 
after  frequent  mercurial  diuretic  admin¬ 
istration,  the  sodium  deficiency  syn¬ 
drome  should  be  suspected  providing 
there  has  been  no  indiscretion  in  the 
diet.  If  a  sodium  deficiency  syndrome 
does  exist,  concentrated  saline  may  be 
expected  to  produce  a  prompt  diuresis 
with  reversal  of  azotemia  if  present. 

A  sodium-restricted  diet  is  thus  not 
without  danger.  As  noted  earlier,  it  is 
the  duty  of  the  physician  to  weigh  the 
dangers  against  the  expected  therapeu¬ 
tic  benefits  and  then  proceed  with  the 
most  suitable  therapeutic  regimen,  be¬ 
ing  mindful  at  all  times  of  possible 
complications. 

Metabolic  Alterations  During  Sodium 
Restriction 

The  evidence  from  metabolic  studies 
during  sodium  restriction  indicates  that 
the  response  varies  greatly  from  disease 
to  disease.  Few  studies  have  been  made 
in  congestive  cardiac  failure.  Iseri, 
Boyle,  and  Myers  (9)  induced  diuresis 
in  seven  patients  by  a  diet  providing  50 
mg  sodium  daily.  During  the  diuresis 
the  expected  urinary  loss  of  sodium  and 
water  and  marked  decrease  in  extra¬ 
cellular  fluid  volume  occurred.  In  addi¬ 
tion,  a  decrease  in  the  intracellular  vol¬ 
ume  and  intracellular  sodium  was  ob¬ 
served,  usually  with  a  significant  gain 
of  potassium  in  the  intracellular  com¬ 
partment.  Finally,  nitrogen  balance  in 
all  but  one  of  these  patients  indicated 
a  net  cellular  gain  of  3.7  to  33.9  gm  of 
nitrogen,  presumably  used  for  body  pi  o- 
tein  synthesis. 

Balance  studies  in  patients  with  cir¬ 
rhosis  of  the  liver  who  are  forming 
ascites  and  edema  and  who  are  char¬ 
acteristically  depleted  of  protein  indi¬ 
cate,  not  only  that  the  accumulation  of 
fluid  can  be  halted  by  the  administra- 


Complications  of 


Sodium  Restriction 


15 


tion  of  the  sodium-restricted  diet,  but 
also  that  a  positive  nitrogen  balance  will 
be  continued,  indicating  that  sodium  re¬ 
striction  does  not  influence  adversely 
their  ability  to  build  body  protein.  Such 
patients  maintained  for  months  or  even 
a  year  or  more  on  a  200  mg  daily  sodium 
intake  often  improve  their  nutrition  to 
the  extent  that  evidences  of  severe 
under-nutrition  present  at  the  onset  dis¬ 
appear  entirely  (10). 

Metabolic  studies  on  patients  with 
hypertension  treated  with  the  sodium- 
restricted  diet  have  revealed  a  number 
of  changes.  The  most  consistent  change 
in  renal  function  has  been  a  decrease 
in  the  volume  of  the  glomerular  filtrate, 
usually  associated  with  a  diminution  in 
the  rate  of  renal  blood  flow  (11).  It  has 
been  suggested  that  these  changes  are 
potentially  dangerous,  perhaps  leading 
to  sufficiently  reduced  renal  function  to 
produce  azotemia  or,  if  mercurial  diu¬ 
retics  were  used  repeatedly,  to  a  dan¬ 
gerous  loss  of  electrolytes  and  the  sodi¬ 
um  depletion  syndrome.  In  addition  to 


these  changes  in  renal  function,  nitr< 
gen  balance  may  be  altered  in  patienl 
using  the  rice  diet  (12).  At  first,  b< 
cause  of  the  low  protein  intake,  there  : 
a  negative  nitrogen  balance.  This  ; 
followed  in  most  instances  by  nitroge 
equilibrium  at  the  low  intake.  There  i 
usually  an  initial  loss  of  body  weigh 
In  addition,  Dole  and  co-workers  (13 
observed  that  hypertensive  patient 
given  a  diet  furnishing  only  160  m 
(7  mEq)  of  sodium  daily  had  a  reduc 
tion  in  extracellular  fluid  volume  an 
sodium  but  an  increase  in  cellular  hy 

sarft  °n-  Th‘s  was  reversed  again  whe. 
salt  administration  was  instituted 
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IV.  PLANNING  SODIUM-RESTRICTED  DIETS 


The  essential  data  necessary  for  plan¬ 
ning  a  sodium-restricted  diet  are  1)  de¬ 
gree  of  sodium  restriction  prescribed, 

2)  other  dietary  alterations  desired,  and 

3)  the  food  habits  and  customs  of  the 
patient.  When  these  are  known  the  diet 
may  be  constructed. 

Basic  500-mg-Sodium  Diet 

A  basic  dietary  pattern  providing 
approximately  500  mg  of  sodium  daily 
is  outlined  in  the  tabulation  appearing 
at  the  end  of  this  section.  The  values 
given  in  this  plan  are  weighted  aver¬ 
ages  calculated  on  the  basis  of  the  per¬ 
centage  distribution  of  food  supplies 
in  the  United  States.  Sodium  values  are 
averages  based  on  the  natural  sodium 
content  of  foods  before  any  additions 
have  been  made  through  processing  and 
cooking  (see  page  25).  The  nutrient 
content  of  specific  foods  chosen  may  dif¬ 
fer  considerably  from  the  average.  With 
regard  to  sodium  there  may  be  wide 
variations  depending  upon  the  kind  and 
cut  of  meat  and  on  the  choice  of  vege¬ 
tables  (see  tabulation  at  end  of  section) . 
These  variations  may  not  be  significant 
for  the  500-mg-sodium  diet,  but  should 
be  considered  when  planning  diets  to 
furnish  200  mg  or  less  of  sodium  daily. 
The  foods  listed  provide  nutrients  at 
levels  which  in  most  instances  equal  or 
exceed  those  of  the  recommended  diet¬ 
ary  allowances  for  the  healthy  man  or 
woman  (1). 

The  caloric  level  of  this  basic  dietary 
pattern  is  low  but  can  be  increased  or 
decreased  according  to  the  needs  of  the 
individual  by  using  more  or  less  of  low- 
sodium  unsalted  cereal  foods,  bread, 
potatoes,  and  fat.  Sugar  and  jelly  may 
be  used  as  desired  when  there  is  no 
caloric  restriction.  None  of  these  addi¬ 


tions  significantly  affects  the  sodium 
level  of  the  diet. 

It  is  not  intended  that  this  basic  plan 
should  be  used  exactly  for  the  planning 
of  all  sodium-restricted  diets.  With  this 
tabulation,  reference  may  be  made  to 
the  nutritive  values  for  foods,  and  sub¬ 
stitutions  appropriate  for  the  individual 
situation  may  be  made. 

Diets  Providing  Less  Than  500  mg. 
Sodium 

The  basic  diet  pattern  can  be  so  modi¬ 
fied  that  sodium  is  limited  to  about  225 
mg  through  the  simple  expedient  of 
omitting  the  two  cups  of  milk  contain¬ 
ing  244  mg  of  sodium,  and  substituting 
two  cups  of  sodium-deficient  milk*  con¬ 
taining  about  8  mg  of  sodium.  Dietary 
adequacy  is  thus  maintained,  assuming 
that  the  sodium-deficient  milk  contains 
the  other  nutrients  usually  found  in 
regular  milk. 

Diets  containing  less  than  150  mg  of 
sodium  have  sometimes  been  advised.  It 
remains  to  be  determined  whether  such 
restriction  is  therapeutically  justified 
or  safe  (see  Sections  II  and  III).  With 
reference  again  to  the  basic  dietary 
pattern,  such  severe  limitation  of  sodi¬ 
um  would  necessitate  the  omission  of 
milk,  meat,  and  eggs,  and  place  emphasis 
upon  the  use  of  cereals,  sugars,  fruits, 
selected  vegetables,  and  unsalted  fats. 
Sodium-deficient  milk  can  effectively  im¬ 
prove  the  adequacy  of  the  diet  to  the 
degree  to  which  it  can  be  incorporated 
in  the  diet.  For  example,  if  sodium- 
deficient  milk  were  to  provide  the  pro- 

*  This  term  refers  to  milk  which  has  been 
processed  to  remove  most  of  the  naturally  oc¬ 
curring  sodium.  It  is  usually  prepared  as  a 
powder  which  can  be  reconstituted,  although  a 
fluid  milk  preparation  has  been  developed. 
(American  Heart  Assoc.  Release,  March  22, 
1964) 
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tein  of  the  milk,  meat,  and  eggs  listed  in 
the  tabulation  of  basic  diet  pattern,  it 
would  be  necessary  to  consume  approxi¬ 
mately  three  pints  daily. 


Diets  Moderately  Restricted  in  Sodium 
When  the  daily  intake  of  sodium  can 
be  greater  than  500  mg,  it  is  possible  to 
increase  the  acceptability  of  the  diet- 
through  the  use  of  measured  amounts 
of  salted  butter  or  bread.  For  example, 
the  substitution  of  one  tablespoon  salted 
butter  for  one  tablespoon  unsalted  but¬ 
ter  increases  the  sodium  intake  by  about 
145  mg.  The  use  of  three  slices  salted 
bread  in  place  of  three  slices  unsalted 
bread  further  increases  the  sodium  in¬ 
take  by  approximately  600  mg.  Thus 
the  use  of  the  basic  dietary  pattern  with 
three  slices  regular  bread  and  one  table¬ 
spoon  salted  butter  would  result  in  a 
sodium  intake  of  approximately  1200- 
1300  mg.  It  should  be  realized  that  the 
sodium  content  of  commercial  bread  and 
butter  may  vary  considerably. 


High-Protein  Sodium-Restricted  Diet 
The  inclusion  of  a  liberal  amount  ol 
protein  in  a  diet  restricted  in  sodiurr 
presents  a  special  challenge.  Sometimes 
the  physician  may  need  to  choose  be¬ 
tween  a  normal  allowance  of  proteir 
and  a  high  level  of  protein  if  sodiurr 
has  to  be  severely  restricted.  When 
sodium  is  restricted  to  200-300  mg  daily 
but  the  protein  intake  must  exceed  100 
gm  a  day,  it  becomes  necessary  to  use 
larger  amounts  or  more  concentrated 
sodium-deficient  milk,  as  the  usual  pro¬ 
tein  foods  (meat,  fish,  poultry,  eggs) 
have  too  high  a  sodium  content.  Un¬ 
salted  nuts  and  legumes  are  valuable 
Protein  foods  and  may  be  used  in  liberal 
amounts  by  some  patients.  Recently 
some  canned  meat  products  from  which 
a  considerable  proportion  of  sodium  has 
been  removed  have  become  available 


and  should  prove  to  be  valuable  ad¬ 
juncts  to  this  diet  if  note  is  taken  of 
the  possibly  significant  removal  of  other 
nutrients  in  the  manufacture  of  these 
products. 


Nutritive  Adequacy  of  Sodium-Restricted 
Diets  (See  Also  Section  III) 

The  enthusiasm  for  sodium  restric¬ 
tion  has  not  always  been  paralleled  with 
an  equal  zeal  for  nutritive  adequacy  of 
the  regimen.  It  is  not  difficult  to  find 
examples  of  diets  only  moderately  re¬ 
stricted  in  sodium  which,  through  poor 
planning,  fail  to  provide  the  Recom¬ 
mended  Dietary  Allowances  of  the  Food 
and  Nutrition  Board  of  the  National  Re¬ 
search  Council  (1).  In  a  study  of 
sodium-restricted  diets  served  to  163 
patients  in  29  hospitals  (2,3)  it  was 
found  that  about  40  per  cent  of  the  diets 
included  less  than  the  recommended  al¬ 
lowances  in  one  or  more  respects.  Cal¬ 
cium,  riboflavin,  and  protein  were  the 
principal  nutrients  in  short  supply. 
These  dietary  deficiencies  were  occa¬ 
sioned  chiefly  by  the  omission  of  milk 
cither  in  planning  or  in  actual  consump¬ 
tion  of  the  diet.  The  substitution  of 
sodium-deficient  milk  for  fresh  liquid 
milk  in  some  diets  was  not  always  ac¬ 
ceptable  to  the  patient.  For  some,  the 

cost  of  this  product  may  be  a  deterrent 
to  its  use. 


11  win  De  notecl  trom  the  tabulated 
form  of  the  basic  dietary  pattern  that 
it  is  possible  to  include  two  cups  of  milk 
and  still  keep  the  daily  sodium  intake 
restricted  to  approximately  500  mg.  On 
the  other  hand,  the  omission  of  milk 
makes  it  practically  impossible  to  meet 
the  calcium  and  riboflavin  need  except 
rough  the  use  of  sodium-deficient  milk 

tLV,t“Tu  !ud  mineraI  suPPlementa- 
t  on.  While  the  amount  of  milk  in  the 

sodium-restricted  diet  should  always  be 

measured,  the  physician  and  dieUtian 
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should  guard  against  needless  restric¬ 
tion. 

Severe  limitation  or  omission  of  meat 
and  eggs  jeopardizes  an  adequate  intake 
of  protein,  iron,  thiamine,  and  niacin. 
Undoubtedly,  further  study  is  necessary 
to  determine  under  what  circumstances 
one  is  justified  in  using  a  regimen  of 
extreme  sodium  restriction  at  the  ex¬ 
pense  of  adequate  protein,  minerals,  and 
vitamins. 

Adequate  supplies  of  ascorbic  acid  are 
assured  through  the  liberal  use  of  cit¬ 
rus  and  other  fresh  fruits,  and  the  in¬ 
clusion  of  permitted  green  and  yellow 
vegetables  and  of  sweet  (unsalted)  but¬ 
ter  will  provide  sufficient  amounts  of 
vitamin  A.  Some  vegetables  especially 
rich  in  carotene  (beet  greens,  chard, 
carrots,  kale,  spinach)  must  be  omitted 
because  of  their  high  sodium  content. 
While  the  basic  diet  plan  described  here 
appears  to  provide  ample  vitamin  A,  it 
must  be  borne  in  mind  that  approxi¬ 
mately  one-third  of  this  value  is  based 
on  the  assumption  that  a  small  (1  oz.) 
serving  of  liver  would  be  included  in  the 
diet  once  every  week. 

The  prolonged  elimination  of  salt 
from  the  diet  may  mean  a  reduced 
iodine  intake,  since  this  element  is  in¬ 
adequate  in  foods  in  some  parts  of  the 
country.  Sources  of  iodine  other  than 
iodized  salt  should  then  be  provided. 

Preparation  of  Food 

The  preparation  of  food  for  the 
sodium-restricted  diet  need  not  be  com¬ 
plicated,  but  the  cook  in  the  home  or  in 
the  hospital  should  exercise  ingenuity  in 
developing  flavorings  other  than  salt.  A 
number  of  excellent  recipe  manuals  and 
cookery  suggestions  are  available,  a  few 
of  which  are  cited  in  the  references  (4, 
5, 6, 7, 8, 9).  Occasionally  one  finds  reci¬ 
pes  which  are  needlessly  complex,  or 
even  some  which  would  include  signifi¬ 


cant  amounts  of  sodium  from  milk,  eggs, 
and  other  sodium-rich  foods.  The  choice 
of  recipes  must  thus  be  related  to  the 
daily  food  allowances  from  the  diet.  For 
example,  a  pudding  would  be  permitted 
only  if  the  milk  and  egg  contained  in  it 
were  considered  as  part  of  the  daily 
ration  of  these  foods. 

Many  spices,  herbs,  and  other  flavor 
aids  can  be  used  to  improve  the  palat- 
ability  of  low-sodium  foods.  It  would 
seem  that  these  diets  should  stimulate 
wider  appreciation  of  the  art  of  herb 
cookery.  Experimentation  is  essential 
in  order  to  learn  the  correct  amounts 
of  flavoring  to  be  used ;  in  general  it 
must  be  remembered  that  “a  little  goes 
a  long  way!”  The  following  flavoring 
aids  do  not  contribute  significant 
amounts  of  sodium  to  the  diet  (10)  and 
may  be  used  as  desired : 


Allspice 

Almond  extract 

Anise 

Basil 

Bay  leaf 

Caraway 

Cardamon 

Chives 

Cinnamon 

Cloves 

Cocoa  (not  Dutch 
process) 
Coriander 
Curry 
Dill 
Fennel 
Garlic 
Ginger 

Horseradish  (not 
prepared) 

Leeks 

Lemon  juice  or  extr; 
Mace 

Maple  extract 

Marjoram 

Mint 

Mustard,  dry 
Nutmeg 


Onion  juice 
Orange  extract 
Orange  peel 
Oregano 
Paprika 
Parsley 

Pepper,  black,  red,  or 
white 

Peppermint  extract 

Pimento 

Poppyseed 

Poultry  seasoning 

Rosemary 

Saccharin 

Saffron 

Sage 

Savoi’y 

Sesame 

Sucaryl  calcium 
Sugar,  brown  (in 
small  amounts) 
Sugar,  white 
Tarragon 
Thyme 
Turmeric 
Vanilla  extract 
Wine 


Some  flavor  combinations  for  cooked 
meats  and  vegetables  are  suggested  be¬ 


low  : 

Beef — dry  mustard,  marjoram,  nutmeg,  onion, 
sage,  thyme,  pepper,  bay  leaf,  grape  jelly. 
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Pork — onion,  garlic,  sage;  with  applesauce, 
spiced  apples. 

Lamb— mint,  garlic,  rosemary,  curry;  with 
broiled  pineapple  rings. 

Veal — bay  leaf,  ginger,  marjoram,  curry,  cur¬ 
rant  jelly,  spiced  apricots. 

Chicken — paprika,  mushroom,  thyme,  sage, 
parsley,  cranberry  sauce. 

Fish — dry  mustard,  paprika,  curry,  bay  leaf, 
lemon  juice,  mushrooms. 

Eggs — pepper,  green  pepper,  mushroom,  dry 
mustard,  paprika,  curry,  jelly  or  pineapple 
omelet. 

Asparagus — lemon  juice. 

Beans,  green — marjoram,  lemon  juice,  nutmeg, 
unsalted  French  dressing,  dill  seed. 

Broccoli — lemon  juice. 

Cabbage — mustard  dressing,  dill  seed,  unsalted 
butter  with  lemon  and  sugar. 

Carrots — parsley,  unsalted  butter,  mint,  nut¬ 
meg,  glazed  with  butter  and  sugar. 

Cauliflower — nutmeg. 

Corn — green  pepper,  tomatoes. 

Peas — mint,  mushroom,  parsley,  onion. 

Potatoes — parsley,  unsalted  butter,  mace, 
chopped  green  pepper,  onion,  baked,  french 
fry. 

Squash — ginger,  mace. 

Sweet  potatoes — candied  or  glazed  with  cinna¬ 
mon  or  nutmeg;  escalloped  with  apples, 
sugar. 

T  omatoes — basil. 


Cooked  cereals  gain  in  appeal  when 
they  are  served  with  honey  or  a  fresh 
fruit  topping.  Fried  mush  with  jelly 
or  marmalade  provides  variety. 


Some  vegetables  are  highly  acc 
able  as  constituents  of  raw  veget 
salads,  including  lemon  or  tomato  as 
and  may  be  included  liberally  ex< 
where  restriction  of  the  fiber  conten 
the  diet  is  necessary.  Such  salads  i 
be  eaten  with  sodium-restricted  mat 
naise  or  French  dressing  as  desired 
It  is  a  simple  matter  in  the  home 
cook  all  meats  and  vegetables  with 
adding  salt.  A  small  amount  of  su 
added  to  vegetables  during  the  cook 
period  helps  to  bring  out  the  natu 
flavor  of  the  food.  The  portion  for 
patient  may  be  removed  at  the  end 
the  cooking  period  and  the  remain 
salted  to  taste  for  other  members  of 
amily.  This  practice  may  also  be  ; 


lowed  in  the  hospital.  However,  when 
there  are  many  sodium-restricted  diets 
and  when  there  is  adequate  range  space, 
it  may  be  desirable  to  cook  low-sodium 
foods  in  separate  lots.  Many  foods  are 
now  processed  and  packed  without  add¬ 
ed  salt  or  with  sodium  content  reduced. 
(See  page  21  and  Section  V). 

The  water  supply  in  some  areas  con¬ 
tains  appreciable  amounts  of  sodium 
(see  page  27).  Water  softened  by  cer¬ 
tain  ion-exchange  systems  is  also  high 
in  sodium  content.  Under  such  condi¬ 
tions  it  is  necessary  to  use  a  natural 
water  low  in  sodium  or  distilled  water 
for  cooking  and  drinking  purposes. 

Food  mixtures  such  as  breads,  des¬ 
serts,  cakes,  and  cookies  present  the 
greatest  problem  to  those  serving  the 
sodium-restricted  diet.  One  must  avoid 
the  customary  addition  of  salt,  select  an 
appropriate  leavening  agent,  and  make 
dietary  allowance  for  the  milk  and  eggs 
used  in  the  recipe.  One  cup  of  water  less 
one  tablespoon,  or  one  cup  of  low-sodium 
milk,  may  be  substituted  for  each  cupful 
of  milk  in  a  recipe.  Two  egg  yolks  may 
be  substituted  for  one  whole  egg. 

Cooking  fats  may  be  selected  from 
unsalted  vegetable  fats  and  oils  such  as 
Crisco,  Spry,  Wesson  oil,  Mazola,  un¬ 
salted  lard,  unsalted  butter,  or  unsalted 
margarine.  Unsalted  margarine,  at  this 
writing,  is  available  in  only  a  few  states. 
However,  much  of  the  salt  can  be  re¬ 
moved  from  either  margarine  or  butter 
by  melting  the  fat  over  low  heat,  re¬ 
moving  the  surface  scum  by  brushing  it 
with  a  stiff  piece  of  paper,  rehardening 
the  fat,  and  discarding  the  settlings. 

Potassium  bicarbonate  may  be  substi¬ 
tuted  in  equal  amounts  for  sodium  bi¬ 
carbonate  in  recipes  which  designate 
baking  soda.  Sodium-free  baking  pow¬ 
der  can  be  used  in  the  proportion  of  1U> 
teaspoons  for  each  teaspoon  of  regular 
baking  powder.  If  it  is  not  available  in 
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local  food  stores,  the  following  formula 
can  be  prepared  by  a  pharmacist  with 
these  inexpensive  constituents  (6)  : 
Potassium  bicarbonate  39.8  gm 


Cornstarch  _ _ —  28.0  gm 

Tartaric  acid . . .  7.5  gm 

Potassium  bitartrate  ....  56.1  gm 


Some  recipes  for  brownies,  short¬ 
bread,  thin  sugar  cookies,  and  nut 
sticks  specify  no  leavening  agent  and 
can  be  made  without  the  addition  of 
salt.  Pies  prepared  with  unsalted  pie 
crust  are  a  pleasing  dessert  variation 
in  the  milk-and-egg-restricted  diet. 

Certain  yeasts  may  be  used  as  a  leav¬ 
ening  agent  for  a  variety  of  foods,  pro¬ 
viding  other  ingredients  are  within  the 
sodium  allowance  (see  tabulation  at  end 
of  section) .  Low-sodium  bread  is  usual¬ 
ly  available  upon  request  from  bakeries 
in  the  larger  cities,  but  in  the  small  com¬ 
munity  it  may  be  necessary  to  make  un¬ 
salted  bread  in  the  home  or  hospital. 
Delicious  bread,  cinnamon,  fruit,  or  nut 
rolls,  muffins,  waffles,  and  doughnuts 
leavened  with  yeast  can  be  made. 
Canned  low-sodium  bread  is  available 
in  several  cities. 

The  palatability  of  sodium-deficient 
milk  can  be  improved  by  reliquefying 
the  milk  so  that  the  consistency  is 
smooth,  and  by  serving  the  milk  cold. 
The  acceptability  for  some  patients  has 
been  improved  by  the  addition  of  flavor¬ 
ings  such  as  chocolate,  honey,  lemon  ex¬ 
tract,  maple,  and  coffee.  Other  patients 
prefer  the  milk  in  prepared  dishes  such 
as  cream  soups  and  custards. 

Instructions  to  the  Patient 

All  too  frequently  the  physician  or 
dietitian  encounters  the  patient  receiv¬ 
ing  a  sodium-restricted  diet  who  didn’t 
like  the  “flat”  taste  of  the  food  so  he 
borrowed  the  salt  shaker  from  another 
patient,  or  he  had  his  wife  bring  him  a 
smoked  tongue  sandwich  with  pumper¬ 


nickel  bread  !  Obviously  such  a  patient 
has  had  inadequate  instruction  relating 
to  his  need  for  the  diet  or  insufficient 
information  on  its  limitations,  or  he 
lacks  motivation. 

The  responsibility  to  the  patient  of 
explaining  the  reasons  for  the  sodium- 
restricted  regimen  rests  with  the  phys¬ 
ician.  Tt  is  scarcely  fair  to  the  patient 
in  the  hospital  to  thrust  sodium-restric¬ 
ted  meals  upon  him  without  first  telling 
him  of  this  important  change  in  his  diet. 
Nor  is  it  reasonable  to  expect  that  the 
patient  will  follow  the  diet  in  his  home 
when  a  printed  diet  list  is  transferred 
from  the  physician’s  file  to  the  patient’s 
hand  with  the  admonition,  “Here  is  the 
diet  I  want  you  to  follow.”  When  the 
patient  realizes  the  possible  therapeutic 
importance  of  the  diet,  he  is  usually 
willing  to  cooperate.  The  dietitian  and 
nurse  in  the  hospital  or  clinic  can  as¬ 
sume  responsibility  for  planning  the 
diet  and  giving  adequate  instruction,  as 
well  as  further  encouragement,  to  the 
patient.  The  person  preparing  the  food 
should  be  instructed  also,  if  possible, 
concerning  the  means  of  avoiding  sodi¬ 
um  and  methods  for  increasing  palata¬ 
bility. 

The  patient  should  not  be  led  to  ex¬ 
pect  immediate  or  dramatic  results, 
but  should  realize  that  improvement 
usually  requires  weeks  or  even  months 
of  adherence  to  the  diet.  Encourage¬ 
ment  by  the  physician,  nurse,  dietitian, 
and  others  who  care  for  the  patient  is  of 
inestimable  value.  Perhaps  few  remarks 
are  as  discouraging  to  the  patient  as, 
“Well,  I  wouldn’t  like  my  food  without 
salt  either!”  The  patient  should  be  re¬ 
minded  that  the  dietary  restriction  need 
not  take  all  the  pleasure  away  from  eat¬ 
ing,  but  may  open  new  adventures  in 
flavor  experimentation. 

When  the  patient  has  been  given  an 
understanding  of  his  needs  for  the  diet, 
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he  can  be  taught  in  a  positive  manner 
what  his  dietary  requirements  are.  He 
should  be  given  a  list  of  foods  from 
which  he  may  choose,  together  with  spe¬ 
cific  instructions  for  the  preparation  of 
these  foods.  A  list  of  high-sodium  foods 
which  are  to  be  avoided  is  a  further  re¬ 
minder  to  the  patient  and  helps  to  elim¬ 
inate  doubt.  It  is  essential  to  provide  a 
specific  pattern  for  the  patient’s  daily 
meals  which  is  adapted  to  economic, 
social,  and  religious  requirements  as 
well  as  personal  idiosyncrasies. 

“Read  the  label”  is  a  worthy  admoni¬ 
tion  to  the  patient  and  eliminates  many 
a  processed  food  for  which  the  label 
states  that  salt  has  been  added.  How¬ 
ever,  if  a  product  is  labeled  “salt  free,” 
the  patient  cannot  assume  that  the  prod¬ 
uct  is  necessarily  low  in  sodium  (see 
Section  V)  and  within  the  limits  of  his 
diet;  for  example,  lobster  or  shrimp 
canned  without  salt  would  still  provide 
too  much  sodium  for  most  regimens. 
Unlimited  amounts  of  meat  canned 
without  salt  should  likewise  be  avoided. 

On  the  other  hand,  the  manufacture 
of  foods  from  which  some  or  most  of 
the  sodium  has  been  removed  (low- 
sodium  milk  and  meat)  is  increasing. 
It  is  to  be  hoped  that  manufacturers  of 
such  products  will  label  them  so  that  the 
sodium  content  and  any  concomitant  re¬ 
duction  in  vitamins  or  other  nutrients 
are  clearly  stated  (see  Introduction). 
The  foods  processed  for  sodium-restric¬ 
ted  diets  accepted  by  the  Council  on 
Foods  and  Nutrition  of  the  American 
Medical  Association  have  the  actual 
sodium  content  stated  on  the  label,  and 
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losses  of  nutrients  during  processing 
are  also  indicated  when  they  occur. 

Many  patients  willingly  accept  the 
diet  when  they  realize  its  importance 
for  their  well  being  and  when  effort  is 
made  to  plan  regimens  practical  for 
them  to  follow.  In  some  hospitals  and 
clinics  it  may  be  feasible  to  employ 
group  discussions  among  patients  con¬ 
cerning  their  dietary  experiences  and 
the  methods  each  has  developed  for  ap¬ 
plying  his  diet. 
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V.  SOURCES  OF  SODIUM 


Sodium  Content  of  Foods 

Data  on  the  natural  sodium  content 
of  foods  have  accumulated  slowly.  Re¬ 
cently,  however,  some  fairly  extensive 
studies  have  become  available.  In  order 
to  bring  this  material  together  for  more 
convenient  reference,  sodium  values  for 
various  foods,  taken  from  13  sources, 
are  given  in  table  1.  In  most  cases, 
average  figures  for  potassium  are  listed 
also. 

Many  of  the  values,  especially  those 
of  Bills  et  al.  (1),  are  for  fresh  or  un¬ 
processed  foods;  however,  many  canned, 
frozen,  or  otherwise  processed  foods 
are  included.  Data  taken  from  the  Na¬ 
tional  Canners  Association  bulletin  (4) 
are  exclusively  for  canned  foods  packed 
without  added  salt  or  sugar  (“diet¬ 
etic”)  .  These  results  have  been  reported 
on  the  basis  of  the  total  contents  of  the 
can,  that  is,  mixed  solid  and  liquid  por¬ 
tions,  and  most  of  the  other  results  on 
canned  foods  have  been  reported  in  this 
way.  The  exceptions  are  noted.  If  only 
the  solid  portions  of  canned  foods  are 
served,  the  same  sodium  values  may  be 
used,  since  the  concentration  of  sodium 
in  the  solid  portion  is  not  sufficiently 
different  from  that  in  the  liquid  to  be  of 
dietary  significance. 

Included  are  a  number  of  other  com¬ 
mercial  “dietetic”  foods  variously  rep¬ 
resented  as  “salt  free,”  “for  use  in  low- 
sodium  diets,”  etc.  (2,9,12).  Some  were 
found  to  contain  unexpectedly  high 
quantities  of  sodium,  as  indicated. 

The  type  of  food  (raw,  commercially 
packed,  or  specially  prepared  for  diet¬ 
etic  use)  is  designated  by  means  of  the 
key  explained  in  the  heading  of  table  1. 
It  is  obvious  that  a  number  of  the  proc¬ 
essed  foods  are  usually  salted  during 


preparation  (breads,  meats,  prepared 
cereals,  canned  foods,  etc.). 

Many  of  the  values  reported  by  Mc- 
Cance  and  Widdowson  in  Britain  (6) 
are  for  cooked  foods  (as  prepared  for 
the  table)  and  usually  have  not  been  in¬ 
cluded  in  table  1.  However,  data  have 
been  selected  from  their  table  for  those 
items  in  the  natural  state  and  those 
processed  items  thought  to  be  compar¬ 
able  to  products  produced  in  this  coun¬ 
try. 

When  the  precision  of  present  meth¬ 
ods  for  sodium  determination,  and  es¬ 
pecially  the  variation  among  samples, 
is  considered,  decimal  figures  probably 
have  little  significance.  Values  above 
10.0  mg  sodium  per  100  grams  have 
been  rounded  off. 

Where  the  number  of  analyzed  sam¬ 
ples  of  a  particular  food  item  is  clearly 
stated  or  easily  derived,  this  number  is 
stated  in  table  1 ;  where  it  is  not,  the 
number  of  samples  analyzed  is  not 
stated,  and  the  value  may  represent 
only  one  sample,  a  single  analysis  upon 
a  composite  of  several  samples,  or  an 
average  result  for  a  number  of  similar 
samples.  Bills  et  al.  (1)  felt  that  “ — 
more  knowledge  would  be  gained  by 
surveying  a  large  number  of  different 
foods,  employing  a  single  sample,  or  at 
most  a  few  samples  of  each.”  Thus, 
most  of  their  figures  may  be  assumed  to 
represent  single  analyses.  Sherman’s 
figures  (5)  are  averages,  presumably  of 
a  number  of  determinations. 

Some  of  the  results  from  several  lab¬ 
oratories  on  particular  foods  are  in 
extremely  poor  agreement.  Pending 
further  information  on  the  natural 
variation  in  sodium  content  of  various 
foods,  a  number  of  these  widely  vary- 
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ing  sodium  values  were  omitted  from 
the  table.  From  the  data  presently 
available,  it  appears  that  this  natural 
variation  may  sometimes  be  very  large. 
Thus,  Bills  et  al.  (1)  note  a  figure  for 
raw  beets  of  110  mg  sodium  per  100 
grams.  On  5  samples  of  raw  beets 
Clifford  (2)  derived  an  average  figure 
of  54  mg  per  100  grams  (max.  66; 
min.  28).  Bills  reports  for  eggs: 
whites,  110  mg  sodium  per  100  grams; 
yolks,  26;  whole,  81.  On  9  composite 
samples  from  various  parts  of  the 
country  Clifford  found:  whites,  148  mg 
sodium  per  100  grams;  yolks,  86;  cal¬ 
culated  for  whole  eggs,  126  (max.  141; 
min.  111).  An  additional  composite 
sample  of  6  whole  eggs  analyzed  133 
mg  per  100  grams. 

The  disagreement  noted  in  some 
cases  is  probably  due  to  different  ana¬ 
lytical  techniques.  Bills  et  al.  (1)  note 
a  source  of  error  when  sodium  is  esti¬ 
mated  by  the  classical  method  of  Fre- 
senius.  Here,  sodium  and  potassium 
are  separated  and  weighed  as  the  mixed 
chlorides.  Potassium  is  then  determined 
as  chloroplatinate,  and  sodium  is  cal¬ 
culated  by  difference.  Many  of  the  older 
data  are  based  on  this  method.  Bills 
points  out  that  because  of  a  solubility 
effect  the  results  for  potassium  tend  to 
be  low ;  the  net  result  is  a  too-high 
sodium  value.  He  concludes  that  the 
method  is  inapplicable  to  the  determi¬ 
nation  of  very  small  quantities  of  sodi¬ 
um  in  the  presence  of  appreciable 
amounts  of  potassium  (cereals,  legumes, 
certain  vegetables).  It  is  noted,  how¬ 
ever,  that  older  results  by  this  method 
on  foods  of  higher  sodium  content 
(milk,  meats,  etc.)  agree  quite  well 
with  those  of  later  investigators. 

McCance  and  Widdowson  used  a  spe¬ 
cific  chemical  method  and  their  results 
on  comparable  materials  usually  agree 


quite  well  with  values  obtained  by  other 
methods. 

Most  of  the  other  and  more  recent 
data  were  obtained  by  flame  photomet¬ 
ric  methods.  These  methods  have  the 
advantage  of  specificity,  but  unless  they 
are  carefully  applied  they  also  are  sub¬ 
ject  to  numerous  sources  of  error.  (See 
Section  VI,  “Analytical  Methods”).  In 
general,  the  more  recent  values  tend  to 
be  lower  and,  in  the  opinion  of  the  com¬ 
mittee,  are  more  nearly  correct.  In  this 
connection,  it  is  of  interest  to  note  that 
the  tabulated  sodium  values  for  various 
foods  as  reported  in  the  7th  Edition 
(1946)  are  often  higher  than  those  re¬ 
ported  in  the  8th  Edition  (1952)  of 
Sherman’s  “Chemistry  of  Food  and 
Nutrition”  (5),  especially  for  foods  of 
lower  sodium  content. 

Figures  for  the  sodium  content  of 
foods  given  in  Rose’s  “Laboratory 
Handbook  for  Dietetics”  (14)  are  ap¬ 
parently  drawn  from  Sherman’s  then 
current  data.  As  such,  her  values  are 
often  intermediate  between  Sherman’s 
1946  and  1952  values  and,  while  noted, 
Rose’s  values  are  not  listed  in  table  1 
because  they  were  thought  not  to  rep¬ 
resent  an  additional  source. 

The  disagreeing  values  which  appear 
for  many  of  the  foods  listed  in  table  1 
may  only  confuse  the  reader  who  seeks 
a  single  “practical”  figure  as  a  basis, 
for  instance,  for  diet  calculations.  It 
is  risky  to  attempt  to  assign  definite 
sodium  values,  especially  to  vegetable 
foods ;  data  are  too  meager,  and  differ¬ 
ences  due  to  variety,  climate,  and  soil 
have  yet  to  be  appraised.  Nevertheless 
such  an  attempt  has  been  made,  and 
table  2  gives  “estimated  best  sodium 
values”  for  the  more  common  foods.  It 
is  intended  as  a  convenient  summary  of 
table  1. 

In  the  attempt  to  assign  definite  sodi¬ 
um  values  to  various  foods  (table  2)  a 
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saving  circumstance  may  be  that  foods 
for  which  the  greatest  percentage  vari¬ 
ations  are  reported  are  often  low  in 
sodium  content;  others  (beets,  celery, 
certain  greens,  etc.)  contain  so  much 
sodium  that  their  use  in  severely  re¬ 
stricted  diets  is  contraindicated.  The 
natural  sodium  content  of  animal  foods 
(meats,  milk,  eggs,  etc.),  while  high, 
tends  to  be  comparatively  uniform.  In 
contrast  to  plant  life,  the  amount  of 
sodium  in  animal  tissues  seems  subject 
to  regulation  within  narrow  limits. 

Considering  the  variations  in  the  re¬ 
ported  sodium  content  of  foods  (table 
1)  and  the  lack  of  precise  information 
about  many  foods,  calculation  of  sodium 
intake  from  the  available  data  is  sub¬ 
ject  to  errors  which  may  be  large  and 
unpredictable.  The  data  of  table  3  il¬ 
lustrate  this  point.  The  composition  of 
seven  practical  diets,  representing  vary¬ 
ing  degrees  of  sodium  restriction,  is 
given  along  with  the  sodium  content  of 
each  item  as  estimated  from  the  data 
of  table  2.  Figures  for  total  sodium 
are  contrasted  with  those  found  by 
actual  analysis.  For  the  analysis,  the 
daily  diets  (sometimes  half  portions  of 
each  item)  were  homogenized  thorough¬ 
ly  in  a  blendor  and  either  aliquot  weight 
or  aliquot  volume  portions  were  taken. 
Figures  for  sodium  are  averages  of 
closely  agreeing  results  by  flame  photo¬ 
metric  and  chemical  methods.  In  sev¬ 
eral  instances  the  checks  may  be  con¬ 
sidered  good,  but  in  others  they  are 
poor.  The  estimated  sodium  values  for 
the  seven  diets  represent,  respectively, 
118,  116,  263,  80,  139,  91,  and  75  per 

cent  of  the  amount  of  sodium  determined 
by  analysis. 

Additional  comparative  values  esti¬ 
mated  from  data  of  Bills  et  al.  (1)  are: 
1)  Estimated,  166;  analyzed,  219  mg. 

)  Estimated,  180;  analyzed,  216  mg. 

)  Estimated,  207;  analyzed  299  mg. 


4)  Estimated,  196;  analyzed  242  mg. 

5)  Estimated,  169 ;  analyzed,  242  mg. 

6)  Estimated,  197;  analyzed,  175  mg. 
In  the  absence  of  analytical  control, 

it  is  seen  that  calculated  figures  for  the 
sodium  content  of  diets  are  at  present 
only  broad  estimates.  Further  work 
with  the  more  accurate  and  rapid 
methods  now  available  is  needed  to  de¬ 
fine  ranges  of  sodium  content  for  most 
foods.  These  actually  may  not  be  so 
broad  as  they  now  appear. 


Effect  of  Cooking 

Many  of  the  sodium  values  of  table 
1  refer  to  fresh  foods.  Little  informa¬ 
tion  exists  on  the  changes  in  the  sodium 
content  of  foods  during  cooking,  and 
the  matter  requires  more  study.  In 
evaluating  sodium-restricted  diets,  the 
question  may  not  be  important  where 
the  cooking  water  is  consumed  along 
with  the  food  as  broth  or  soup,  or  the 
juices  and  drippings  as  gravy.  How¬ 
ever,  many  foods  (potatoes,  carrots, 
cabbage,  macaroni,  etc.)  are  cooked  by 
boiling  in  water,  and  the  excess  water 
is  discarded.  The  amount  of  change 
in  the  sodium  content  of  such  foods  has 
not  been  clearly  ascertained ;  it  con¬ 
ceivably  could  depend  upon  weight 
changes,  volume  and  sodium  content  of 
the  cooking  water,  and  perhaps  its 
hardness.  Some  exploratory  work  has 
been  done  in  collaboration  with  the 
Bureau  of  Human  Nutrition  and  Home 
Economics  of  the  U.S.  Department  of 
Agriculture.* 


In  preliminary  experiments,  replicate 
samples  of  carefully  mixed,  washed, 
Pared,  and  diced  carrots  and  of  washed 
and  trimmed  spinach  were  prepared. 
After  washing,  the  spinach  was  placed 
between  layers  of  cheesecloth  and  al¬ 
lowed  to  return  to  its  original  fresh 
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weight  through  spontaneous  drying. 
The  samples  were  analyzed  raw  and 
after  cooking  in  Pyrex  pans  (15  min¬ 
utes  for  the  carrots,  10  minutes  for  the 
spinach)  in  pre-boiling  1)  distilled 
water,  2)  distilled  water  containing 
added  sodium  chloride  equivalent  to  25 
mg  sodium  per  100  grams,  and  3)  dis¬ 
tilled  water  containing  added  calcium 
chloride  equivalent  to  250  p.p.m.  hard¬ 
ness  as  calcium  carbonate.  Four-hun¬ 
dred-gram  portions  of  carrots  were 
cooked  in  200  grams  of  the  waters,  and 
400-gram  portions  of  spinach  were 
cooked  in  100  grams  of  each  of  the 
three  waters;  volumes  of  cooking 
waters,  times  of  cooking,  and  weight  of 
each  vegetable  (approximately  four 
servings)  were  thought  to  come  reason¬ 
ably  close  to  duplicating  ordinary  house¬ 
hold  practice.  After  cooking,  the  vege¬ 
tables  were  drained,  weighed,  and 
ground  for  analysis.  Residual  cooking 
waters  were  likewise  weighed  and 
analyzed. 

Results  are  summarized  in  table  4. 
It  is  noted  that  both  vegetables  shrank 
in  weight  and,  except  for  carrots 
cooked  in  the  calcium  chloride  water, 
all  lost  sodium  during  cooking.  The 
percentage  loss  of  sodium  for  carrots 
was  17,  6,  and  0,  and  for  spinach,  20, 
17,  and  16  when  cooked  in  the  distilled 
water,  sodium  water,  and  calcium 
water,  respectively. 

Conclusions  may  be  somewhat  ob¬ 
scured  by  the  discrepancies  which  re¬ 
sult  from  the  vagaries  of  sampling  and 
analysis  (cf.  last  2  lines,  table  4).  How¬ 
ever,  it  appears  that  when  vegetables 
are  cooked  by  boiling  in  an  excess  of 
water,  weight  loss  or  shrinkage  must  be 
due  to  the  exudation  of  juices  which  may 
be  presumed  to  carry  along  a  portion  of 
the  solubles,  including  sodium.  The 
solubles  would  be  immediately  taken  up 
by  the  cooking  water.  If  it  is  assumed 


that  the  juices  expressed  during  shrink¬ 
age  contain  sodium  in  the  same  propor¬ 
tion  as  does  the  raw  vegetable,  sodium 
loss  would  be  roughly  proportional  to 
weight  loss,  provided  1)  the  original 
water  -  soluble  :  water  -  insoluble  solids 
ratio  is  large  and  shrinkage  is  not  ex¬ 
cessive,  and  2)  the  cooking  water  does 
not  enter  the  vegetable  to  replace  the 
juices.  In  these  preliminary  experiments 
with  carrots  and  spinach  a  rough  paral¬ 
lel  between  weight  loss  and  sodium  loss 
is  noted. 

However,  there  is  also  the  separate 
and  concurrent  effect  of  leaching,  in 
which  the  cooking  water  does  pervade 
the  tissues  and  replaces  the  natural 
vegetable  juices.  It  should  be  possible 
to  leach  all  soluble  salts  and  nutrients 
from  a  vegetable  by  boiling  it  in  suc¬ 
cessive  changes  of  distilled  water.  The 
tendency  is  to  establish  an  equilibrium 
condition  between  the  solubles  in  the 
cooking  water  and  in  the  nonfibrous  por¬ 
tion  of  the  vegetable.  This  equilibrium 
seems  to  occur  not  only  with  water- 
packed  but  also  with  brine-packed 
canned  vegetables  where  the  vegetables 
may  take  up  large  amounts  of  sodium 
from  the  brine. 

It  is  not  possible  to  measure  separate¬ 
ly  these  two  types  of  sodium  loss  from 
the  limited  data  of  table  4,  and  more  ex¬ 
tensive  and  more  carefully  controlled 
experiments  are  necessary  in  order  to 
evaluate  sodium  change  during  various 
methods  of  cooking.  The  above  specula¬ 
tions  cannot  apply  to  baked  or  fried 
vegetables.  In  general,  it  appears  that 
vegetables  will  lose  weight  or  shrink 
during  cooking  in  unsalted  water,  and 
sodium  loss  is  roughly  proportional  to 
weight  loss ;  naturally,  the  sodium  lost 
through  the  effects  of  shrinkage  and 
leaching  will  appear  in  the  cooking 
water  and,  if  the  volume  of  the  latter 
is  held  minimal  and  most  of  it  is  served 
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with  the  cooked  vegetable,  the  amount 
of  sodium  ingested  should  not  differ 
markedly  from  that  calculated  from  the 
weight  of  the  raw  vegetable. 

McCance  and  Shipp  (16)  investi¬ 
gated  cooking  losses  with  meats  and 
fish.  Their  conclusions  may  be  sum¬ 
marized  broadly:  1)  No  matter  what 
method  of  cooking  is  employed,  meats 
always  shrink  and  express  a  portion  of 
their  juices  and  fats;  as  ordinarily  pre¬ 
pared,  meats  may  lose  a  fourth  to  a 
third  of  their  raw  weight.  The  readily 
soluble  ions  (including  sodium)  are  lost 
in  proportion  to  the  expressed  juice. 
2)  When  cooking  is  by  steam,  weight 
loss  or  shrinkage  is  very  close  to  the 
percentage  loss  of  water  and  of  soluble 
salts.  3)  In  boiling  water,  a  leaching 
effect  causes  additional  loss  of  soluble 
salts  but  this  loss  is  not  nearly  as  large 
as  might  be  expected.  Meat  just  cooked 
through  by  boiling  may  lose  only  a  neg¬ 
ligible  additional  amount  of  soluble  salts 
from  leach.  4)  In  roasting  or  frying, 
fat  is  expressed  and  evaporation  of 
water  is  intense;  however,  salt  losses 
are  low. 

Sodium  Content  of  Waters 

The  sodium  content  of  drinking  and 
cooking  water  must  be  taken  into  ac¬ 
count  when  diets  of  various  levels  of 
restriction  are  formulated.  Bills  et  al. 
(1)  point  out  that  a  daily  consumption 
of  2.5  liters  of  water  containing  20  mg 
of  sodium  per  100  gm  would  contribute 
500  mg  of  sodium.  Ferguson  and  Kay 
(17)  also  point  out  that  the  sodium 
content  of  the  water  supply  must  be 
known  before  it  is  possible  to  design 
effective  sodium-restricted  diets.  The 
question  is  of  special  importance  in 
severe  sodium  restriction;  here  it  may 
be  difficult* to  design  a  nutritionally  ade¬ 
quate  diet  and  keep  within  prescribed 
sodium  limits,  and  no  allowance  can  be 


made  for  such  extraneous  sources  of 
sodium. 

Data  on  the  composition  of  the  public 
water  supplies  of  approximately  900 
American  cities  are  presented  in  nine 
circulars  (18).  The  information  con¬ 
tained  in  these  circulars  will  eventually 
be  combined  into  a  complete  report  for 
the  whole  country.  The  complete  report 
will  give  data  for  more  than  1300  cities 
and  is  designed  as  a  revision  of  the  older 
(1932)  Geological  Survey  Water-Supply 
Paper  No.  658.  The  present  circulars 
give  the  1950  populations  of  the  cities 
and  of  the  areas  supplied,  sources  and 
treatment  of  supplies,  storage  facilities, 
and  extensive  chemical  analyses.  Much 
specific  information  is  also  included. 

Sodium  values  from  these  circulars 
are  listed  by  states  and  cities  in  table 
5  in  terms  of  mg  per  100  grams.  Actual 
values  for  sodium  are  not  given  for 
those  cities  where  all  reported  analyses 
are  less  than  2.0  mg  per  100  gm.  Values 
are  coded  as  follows:  r  =  raw  water, 
f  =  finished  water  (t  =  tap  sample), 
and  c  (figure  underscored)  =  combined 
values  for  sodium  and  potassium.  It 
was  decided  that  a  more  elaborate  code, 
as  for  rivers,  wells,  lakes,  and  res¬ 
ervoirs,  etc.,  would  be  too  involved.  For 
some  supplies,  usually  those  of  wells 
where  there  is  little  or  no  treatment, 
code  letters  are  omitted.  In  these  cases 
the  sodium  figures  represent  the  water 
as  consumed. 

It  is  unfortunate  that  values  for 
sodium  and  potassium  are  often  re¬ 
ported  as  one  figure.  However,  the 
sodium  content  of  most  waters  is  usually 
considerably  greater  than  their  potas¬ 
sium  content.  In  Geological  Survey 
Water-Supply  Paper  No.  658  it  is 
stated:  “Natural  waters  that  contain 

only  3  or  4  parts  per  million  (0.3 _ 0  4 

mg/100  gm)  of  the  two  together  are 
ikely  to  contain  about  equal  quantities 
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of  sodium  and  potassium.  As  the  total 
quantity  of  these  constituents  increases, 
the  proportion  of  potassium  becomes 
less.  In  waters  carrying  from  30  to  50 
parts  per  million  of  the  two  the  quantity 
of  potassium  may  be  from  one-fourth 
to  one-tenth  the  quantity  of  sodium ; 
waters  containing  more  sodium  may 
contain  even  smaller  proportions  of 
potassium.”  A  safe  procedure  would  be 
to  assume  that  the  combined  values  in 
table  5  represent  sodium  alone. 

Several  figures  are  given  for  some 
cities.  These  represent  various  sources 
of  supply  such  as  different  streams, 
reservoirs,  and  especially  wells.  It  is 
seen  that  the  water  supply  of  some 
cities  comes  from  a  number  of  sources, 
often  of  varying  chemical  character.  In 
many  instances  the  percentage  of  the 
total  supply  furnished  by  each  source  is 
given  in  the  Geological  Survey  Circu¬ 
lars,  and  analyses  are  often  given  for 
composite  samples  of  the  finished 
waters. 

However,  with  the  exception  of  large 
lakes  and  single  wells,  the  chemical 
composition  of  most  sources  of  supply 
may  be  variable.  Again,  auxiliary  or 
emergency  sources  of  different  chemical 
characteristics  may  be  called  upon,  as 
reserve  sources  are  used  to  augment 
surface  supplies  during  dry  periods. 
The  treatment  of  raw  waters,  with  at¬ 
tendant  changes  in  sodium  content, 
may  likewise  vary  in  different  periods 
of  the  year. 

Because  of  these  variables,  it  is  often 
not  possible  tx>  assign  a  single  definite 
figure  to  the  sodium  content  of  water 
supplies.  However,  it  appears  that  the 
sodium  content  of  the  supplies  of  the 
great  majority  of  cities  is  low  enough 
to  be  ignored;  on  the  other  hand,  some 
public  waters  are  entirely  unsuitable 
for  use  in  conjunction  with  sodium- 
restricted  diets. 


Bills  et  al.  (1)  analyzed  samples  of 
the  public  water  supplies  of  150  cities 
for  sodium  and  potassium,  and  their 
results  for  sodium  if  higher  than 
2  mg/100  gm  are  also  listed  in  table  5. 
Agreement  of  these  single  determina¬ 
tions  with  the  more  extensive  figures  of 
the  Geological  Survey  is  usually  good; 
differences  may  well  represent  the  vari¬ 
ation  to  be  expected  in  the  sodium 
analysis  of  public  waters. 

Heretofore,  emphasis  has  been  on 
the  sanitary  quality  and  hardness  of 
water  supplies,  and  the  sodium  content 
of  finished  waters  has  largely  been 
overlooked.  In  certain  areas,  municipal 
supplies  are  often  softened,  either  by 
the  excess  lime-soda  ash  or  exchange 
silicate  (zeolite)  processes.  In  connec¬ 
tion  with  low-sodium  therapy  it  is  in¬ 
creasingly  realized  that  both  may  add 
considerable  quantities  of  sodium  to  the 
treated  water.  In  table  5,  the  sodium 
content  of  finished  waters  is  often  given 
as  many  times  that  of  the  raw  (hard) 
waters ;  this  is  usually  because  of  soft¬ 
ening  processes.  (For  details  of  treat¬ 
ment  of  raw  waters  of  particular 
cities,  consult  original  circulars.)  Fer¬ 
guson  and  Kay  (17)  cite  figures  show¬ 
ing  how  the  sodium  content  of  public 
supplies  may  be  increased  by  both 
methods  of  softening.  (These  authors 
checked  the  sodium  content  of  waters 
from  165  sources  in  Manitoba.  They 
found  102,  or  62  per  cent,  of  these 
samples  to  contain  less  than  10  mg/100 
gm.  Thirteen  samples  had  over  50  mg/ 
100  gm.) 

In  hard-water  areas,  domestic  soften¬ 
ers  which  operate  on  the  silicate  ex¬ 
change  principle  are  often  used.  Bills 
et  al.  (1)  state  that  softened  water  “is 
always  suspect  as  regards  its  suitability 
for  low-sodium  diets.” 

It  is  seen  that  physicians  must  con¬ 
sider  the  sodium  content  of  the  drinking 
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and  cooking  water  for  each  patient  who 
requires  sodium  restriction.  Water  from 
family  wells  may  require  a  special 
analysis.  Under  some  circumstances, 
the  use  of  only  distilled  or  “de-ionized 
water  may  be  indicated. 

More  specific  information  concerning 
the  sodium  content  of  water  supplies 
should  be  available  from  local  or  state 
authorities.  It  may  be  expected  that  in¬ 
creased  use  of  simple  and  rapid  flame 
photometric  methods  for  the  sodium 
analysis  will  add  rapidly  to  the  avail¬ 
able  data. 

Only  waters  of  negligible  sodium 
content  should  be  used  in  the  processing 
of  low-sodium  foods.  National  Canners 
Association  Bulletin,  Dietetic  Canned 
Foods  (4),  pp.  20  and  33-34,  lists  as 
follows  the  sodium  content,  in  milli¬ 
grams  per  100  grams,  of  221  samples  of 
wTater  used  in  the  countrywide  prepara¬ 
tion  of  dietetic  packs  of  various  fruits 
and  vegetables :  10  or  above,  20  samples ; 
5-10,  14  samples;  1-5,  74  samples;  less 
than  1,  113  samples.  Certainly  the  so¬ 
dium  content  of  the  water  used  in  such 
packs  should  be  known,  especially  as 
the  total  sodium  in  the  can  tends  to  dis¬ 
tribute  itself  rather  uniformly  between 
the  solid  and  liquid  portions.  Thus, 
products  naturally  low  in  sodium  (peas, 
corn,  fruits)  would  be  contaminated  by 
a  high-sodium  water  even  if  the  latter 
were  discarded. 

Ferguson  and  Kay  (17)  also  point 
out  a  fact  relating  to  the  sodium  content 
of  soft  drinks  which  may  be  overlooked. 
Cola  drinks,  ginger  ale,  and  similar 
products  are  usually  manufactured  by 
adding  sugar  and  local  water  to  con¬ 
centrates  which  may  be  manufactured 
elsewhere.  These  authors  show  that  the 
sodium  contents  of  a  cola  drink  pro¬ 
duced  in  outlying  plants  in  Western 
Canada  from  a  concentrate  manufac¬ 
tured  in  Winnipeg  merely  reflect  the 


sodium  content  of  local  water  supplies ; 
values  ranged  from  1.7  mg/100  gm 
(Winnipeg)  to  11.7  mg/100  gm  (Bran¬ 
don).  It  is  pointed  out  that  the  sodium 
content  of  beers  may  likewise  merely 
reflect  the  content  of  local  brewing 
waters. 

Incidental  Sources  of  Sodium 

Persons  on  a  sodium-restricted  diet 
should  limit  or  take  into  account  their 
use  of  sodium-bearing  medicinals.  Cer¬ 
tainly  to  be  avoided  are  the  bicarbonate- 
based  “anti-acid”  or  “alkalizing”  prepa¬ 
rations  frequently  used  for  digestive 
distress,  and  certain  saline  cathartics. 
A  2-gm  dose  of  sodium  bicarbonate  will 
contribute  547  mg  of  sodium.  Concen¬ 
trated  solutions  of  sodium  chloride  or 
sodium  bicarbonate  are  used  as  gargles 
by  many  people,  and  the  probability  is 
that  some  of  the  solution  is  retained  and 
swallowed.  The  physician  should  in¬ 
vestigate  the  habits,  in  these  respects, 
of  his  patients  who  require  sodium  re¬ 
striction  and  warn  them  against  the 
use  of  such  sodium-containing  prepara¬ 
tions.  He  must  also  bear  in  mind  that 
certain  medicinals  may  contain  enough 
sodium  to  disrupt  a  sodium-restricted 
regimen.  Among  these  may  be  men¬ 
tioned  the  sodium-containing  barbitur¬ 
ates,  sulfonamides,  antibiotics,  and  so¬ 
dium  compounds  such  as  the  salicylate 
and  bromide.  In  some  cases  it  is  possible 
to  use  other  than  the  sodium  salt  of  the 
medicinal,  e.g.,  ammonium  salicylate. 
Certain  barbiturates  are  offered  as  cal¬ 
cium  salts  for  use  by  persons  on  sodium- 
restricted  diets. 

Tooth  pastes  and  powders  may  con¬ 
tain  considerable  sodium  in  one  or  sev¬ 
eral  of  the  following  combinations ;  soap 
(Federal  Specification  FFF-D-191b  per¬ 
mits  up  to  20  per  cent  by  weight) ,  per¬ 
borate,  metaphosphate,  bicarbonate  or 
carbonate,  chloride,  benzoate,  one  of  the 
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various  alkyl  aryl  sulfonates,  or  sac¬ 
charide.  While  it  is  doubtful  that  a 
person  would  ingest  appreciable  sodium 
from  the  proper  use  of  a  dentifrice  (use 
of  normal  amount;  final  rinsing  of 
mouth),  nevertheless  the  topic  has  not 
escaped  attention.  J.  Roy  Doty  (19) 
reports,  “This  office  does  not  have  any 
information  concerning  a  dentifrice 
which  is  specifically  labeled  or  promoted 
as  a  sodium-free’  product.  However — 
flame  photometric  analyses  of  a  number 
of  commercial  dentifrices  indicate  (fur¬ 
ther)  that  there  are  several  which  con¬ 
tain  only  0.1  to  0.4  per  cent  of  sodium 
in  the  form  of  water-soluble  com¬ 
pounds.” 

More  detailed  information  may  be 
obtained  from  the  Council  on  Dental 
Therapeutics  of  the  American  Dental 
Association. 

Various  synthetic  detergents  are 
largely  replacing  the  soap  detergents  as 
dish-washing  aids  in  the  home  and  res¬ 
taurant.  The  synthetic  detergents  us¬ 
ually  contain  a  much  higher  proportion 
of  sodium  (sodium  sulfate  and  poly¬ 
phosphates  as  fillers  and  detergent  aids) 
than  the  true  soaps.  Further,  some 
manufacturers  advertise  that  it  is  un¬ 
necessary  to  rinse  dishes  after  they 
have  been  washed  with  particular  syn¬ 
thetic  detergents.  It  has  been  suggested 
that  detergent  residues  on  kitchenware 
and  dishes  may  be  a  further  source  of 
adventitious  sodium  ingestion. 

To  check  this  possibility,  a  series  of 
10-ounce  tumblers  were  washed  in  suds 
prepared  by  adding  approximately  one 
ounce  of  a  leading  household  detergent 
to  about  3  gallons  of  hot  water.  The 
unrinsed  tumblers  were  inverted  upon 
absorbent  paper  and  allowed  to  remain 
until  their  interiors  were  thoroughly 
dry.  They  drained  cleanly  (without 
droplet  formation).  The  interiors  were 
then  carefully  rinsed  with  hot  distilled 


water  and  the  resultant  solutions  were 
analyzed  by  means  of  the  flame  photom¬ 
eter.  Very  little  sodium  (average  about 
0.2  mg  sodium  per  tumbler)  was  found. 
V  hen  soup  plates  of  ordinary  size  were 
carried  through  a  similar  experiment, 
only  about  0.35  mg  of  sodium  per  plate 
remained  as  residue.  Apparently,  if  or¬ 
dinary  care  is  exercised,  detergent  resi¬ 
dues  on  dishes  are  not  an  important 
source  of  sodium  ingestion. 
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VI.  ANALYTICAL  METHODS 


Until  recently,  not  much  attention  was 
paid  to  the  accurate  determination  of 
small  amounts  (100  p.p.m.  and  less)  of 
sodium  in  foods,  and  part  of  the  dis¬ 
agreement  in  reported  values  might  be 
due  to  different  analytical  techniques. 

In  an  attempt  to  assess  this  point,  a 
collaborative  study  was  arranged  (sum¬ 
mer-fall  of  1952)  in  which  several  lab¬ 
oratories  were  invited  to  participate  in 
the  analysis  of  identical  samples  of  va¬ 
rious  foods.  The  samples  were  portions 
of  homogeneous  batches  of  ground  corn, 
soybeans,  peas,  dried  skim  milk,  and 
dried  and  ground  white  bread  and  were 
expected  to  range  from  low  to  high  in 
sodium  content  and  to  contain  potas¬ 
sium  in  varying  ratio. 

Collaborators  were  asked  to  analyze 
for  sodium  and  potassium  by  flame 
photometric  procedures  and,  if  possible, 
to  obtain  check  figures  for  sodium  by 
one  of  the  gravimetric  triple-acetate 
methods.  Results  from  four  collabora¬ 
ting  laboratories,  including  those  of  the 
committee,  are  listed  in  table  6. 

The  agreement  between  collaborators 
is  far  from  satisfactory.  In  particular, 
one  collaborator’s  results  for  sodium  on 
the  corn,  soybeans,  and  peas  are  ob¬ 
viously  too  high  by  many  fold  and  may 
illustrate  how  it  is  possible  for  too-high 
values  to  get  into  the  literature.  These 
results  may  also  emphasize  a  previously 
stated  conviction  that  the  lower  values 
which  have  been  recorded  for  the  so¬ 
dium  content  of  various  foods  are  apt 
to  be  more  nearly  correct. 

Obviously,  further  work  on  methods 
for  the  determination  of  sodium  in 
foods  is  necessary. 

The  analysis  is  not  easy.  The  most 
promising  procedures  appear  to  be  1) 


flame  photometric  methods,  and  2)  grav¬ 
imetric  methods  which  involve  the  pre¬ 
cipitation  of  sodium  as  the  zinc  or  mag¬ 
nesium  uranyl  acetate.  These  are  dis¬ 
cussed  briefly  in  order. 

Flame  Photometric  Methods 

Most  progress  in  flame  methods  for 
sodium  has  been  made  within  the  last 
10  years.  It  would  appear  that  there 
was  an  overenthusiastic  acceptance  of 
flame  methods  at  first;  then  limitations 
began  to  appear  as  reflected  in  the  titles 
of  a  number  of  papers  (1-7).  Undoubt¬ 
edly,  flame  photometric  methods  for  so¬ 
dium  are  subject  to  the  effects  of  numer¬ 
ous  interferences. 

Essentially,  the  precision  and  accu¬ 
racy  of  flame  methods  require  that  an 
unknown  solution  be  sprayed  or  atom¬ 
ized  into  a  stable  flame  at  the  same 
definite  rate  and  under  the  same  physi¬ 
cal  and  chemical  conditions  as  the  stand¬ 
ard  solution  used  to  calibrate  the  in¬ 
strument.  The  physical  conditions  in¬ 
volve,  among  others,  the  temperature  of 
the  flame,  viscosity  of  the  unknown  and 
standard  solutions,  stability  of  the  de¬ 
tector;  the  chemical  conditions  involve 
the  absence  (or*  presence  of  the  same 
concentrations)  of  enhancing  or  re¬ 
pressing  anions  or  cations  or  of  organic 
materials  such  as  proteins,  sugars,  and 
alcohol.  Flame  photometers  are  usually 
calibrated  with  aqueous  solutions  of 
some  pure  salt  of  the  metal  sought,  e.g., 
sodium  chloride.  With  a  good  instru¬ 
ment,  the  precision  which  can  be  at¬ 
tained  in  calibration  (less  than  0.5  per 
cent  of  full  scale  deflection)  may  give  a 
false  impression  of  the  overall  accuracy 
of  the  determination.  It  is  hardly  pos¬ 
sible  by  any  feasible  method  of  sample 
preparation  to  isolate  the  sodium  con- 
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stituent  of  a  food  as  a  pure  aqueous 
solution  of  a  sodium  salt.  Usually  it  is 
necessary  to  compensate  in  some  man¬ 
ner  for  the  effect  of  unavoidable  extra¬ 
neous  materials. 

The  picture  is  complicated  by  the 
fact  that  commercially  available  flame 
photometers  vary  greatly  in  design  and 
details  of  operation,  and  the  effects  of 
extraneous  ions  and  organic  materials 
likewise  vary.  Further  confusion  is 
added  by  the  constant  introduction  of 
new  models  of  commercial  flame  in¬ 
struments;  careful  studies  of  interfer¬ 
ence  effects  with  previous  models  are 
likely  to  become  obsolete.  Some  publica¬ 
tions  describe  the  operation  and  inter¬ 
ference  effects  of  specially  constructed 
“home-made”  instruments  or  burners. 
Such  information  is  interesting  but  may 
be  of  little  value  to  the  technician  who 
must  rely  upon  the  commercially  avail¬ 
able  designs.  There  have  been  com¬ 
plaints,  likewise,  that  directions  for  cali¬ 
bration  and  operation  of  the  various 
commercial  instruments  are  usually  not 
“spelled  out”  in  sufficient  detail  for  the 
ordinary  technician.  There  appears  to 
be  no  unanimity  as  to  the  proper  method 
of  instrument  standardization,  inter¬ 
ference  appraisal,  and  evaluation  of 
results. 

The  operator  must  be  aware  of  the 
limitations  of  his  particular  instrument 
and,  depending  upon  the  type  of  mate¬ 
rial  routinely  analyzed,  be  prepared  to 
evaluate  and  correct  for  the  interfer¬ 
ences  likely  to  be  encountered  in  his 
ordinary  work.  Reliability  of  results 
should  be  tested  by  means  of  recovery 
runs.  These  may  consist  of  the  analysis 
of  low-sodium  materials  such  as  fruit 
juice  or  flour  after  the  addition  of 
known  amounts  of  sodium  and  (if  de¬ 
sired)  of  interfering  substances.  Stand¬ 
ard  curves  must  be  frequently  checked 
especially  after  major  adjustments  or 


repairs,  such  as  the  replacement  of  bat¬ 
teries  or  tubes,  to  the  electrical  circuits 
of  the  flame  photometer. 


Gravimetric  Methods 

Many  laboratories  may  not  be 
equipped  with  a  good  flame  photometer. 
In  such  cases  gravimetric  methods 
should  not  be  overlooked  as  reliable  and 
sensitive  methods  for  the  determination 
of  small  amounts  of  sodium  in  foods. 
The  factor  for  Na  in  the  sodium-zinc- 
uranyl  acetate  precipitate  is  0.01495 ; 
the  sodium  in  a  25-gm  sample  of,  say,  a 
fruit  juice  containing  1  mg  Na  per  100 
gm  will  yield  a  precipitate  weighing 
nearly  17  mg.  This  quantity  can  be 
weighed  with  good  precision  on  the 
ordinary  analytical  balance. 

The  common  interferences  in  the  de¬ 
termination  of  sodium  in  foods  by  the 
gravimetric  procedure  are  phosphate 
and  potassium.  By  appropriate  manip¬ 
ulation,  the  effect  of  both  may  be  elim¬ 
inated. 

Considerable  work  on  methods  has 
been  done  by  the  committee.  Detailed 
tentative  flame  photometric  and  gravi¬ 
metric  procedures  for  the  determination 
of  sodium  in  foods  have  been  drafted 
and  are  available  upon  request  from  the 
Division  of  Food,  Food  and  Drug  Ad¬ 
ministration,  Dept,  of  Health,  Educa¬ 
tion  and  Welfare,  Washington,  D.C.  (8) . 
In  preliminary  trial,  both  methods  have 
given  good  results.  They  will  be  tested 
fuither  by  means  of  collaborative  trials 
similar  to  those  described  above. 


REFERENCES 

1.  Berry,  J.  W.,  D.  G.  Chappell,  and  R.  B. 
Barnes.  Improved  method  of  flame  pho¬ 
tometry.  Ind.  Eng.  Chem.  An.  Ed  18-ld 


’  ’  '  anu  Li,  LYK- 

KEN.  Errors  in  the  use  of  a  Model  18 
1  erkm-Elmor  flame  photometer  for  the  de¬ 
termination  of  alkali  metabolism.  Anal 
Chem.  20:822,  1948. 

3.  Bills,  C.  E.,  F.  g.  McDonald,  W.  Nieder- 


Sodium-Restricted  Diets 


MEIER,  and  M.  C.  Schwartz.  Reduction  of 
error  in  flame  photometry.  Anal.  Chem 
21:1076,1949. 

4.  Sommer,  A.  J.  Uses  and  abuses  of  the  flame 
photometer.  Am.  J.  Med.  Technol  17- 
276,  1951. 

5.  Elliott,  F.  H.  Determination  of  the  char¬ 
acteristics  of  a  flame  photometer  and  ef¬ 
fects  of  interfering  substances.  Canad  J 
Technol.  29:111,  1951. 

6.  Bernstein,  R.  E.  Correction  of  sources  of 
error  in  the  estimation  of  sodium,  potas¬ 


sium  and  calcium  in  biological  fluids  and 
tissues  by  flame  spectrophotometry.  Bio- 
chem.  et  biophys.  acta  9:576,  1952. 

7.  Collins,  G.  C.,  and  H.  Polkinhorne.  An 
investigation  of  anionic  interference  in 
the  determination  of  small  quantities  of 
potassium  and  sodium  with  a  new  flame 
photometer.  Analyst  77:430,  1952. 

8.  Clifford,  P.  A.  and  W.  0.  Winkler.  Re¬ 
port  on  the  determination  of  sodium  in 
foods.  J.  Assoc.  Offic.  Agr.  Chemists  37 
No.  3:  586,  1954. 


VII.  SALT  SUBSTITUTES 


Salting  is  an  accepted  means  of  food 
preservation  and  of  improving  the  pal- 
atability  of  fresh  and  prepared  foods. 
Restriction  of  dietary  sodium  may  de¬ 
tract  from  the  palatability  of  foods  and 
make  it  difficult  for  patients  to  adhere 
to  a  prescribed  regimen.  For  this  reason 
various  “salt  substitutes”  have  been 
prepared.  Most  of  these  are  mineral- 
base  salt  substitutes  consisting  of  salts 
of  other  ions  than  sodium  compounded 
to  simulate  sodium  chloride  in  taste. 
Potassium  chloride  and  ammonium 
chloride  are  the  salts  most  commonly 
used  for  this  purpose,  but  the  substi¬ 
tutes  may  contain  other  materials  in 
addition.  Examination  of  the  labeling 
and  formulas  of  21  commercial  salt 
substitutes  discloses:  1)  Sixteen  of  21 
manufacturers  use  ammonium  chloride 
in  their  formulations  in  amounts  vary¬ 
ing  from  4  to  50  per  cent;  2)  fifteen  of 
21  use  potassium  chloride  in  amounts 
ranging  from  9  to  95  per  cent;  3)  thir¬ 
teen  of  21  formulations  contained  both 
ammonium  and  potassium  chlorides; 
4)  sixteen  of  the  formulations  include 
citric  acid  or  citrates;  5)  fifteen  use 
formates,  6)  thirteen  use  starch  rang¬ 
ing  in  amounts  from  less  than  one  per 
cent  to  about  25  per  cent;  7)  nine  use 
various  phosphates;  8)  nine  use  glu¬ 
tamic  acid  or  glutamates;  and  9)  four 
use  various  salts  of  choline.  Various 
other  materials,  including  vegetable 
powders,  may  be  used.  The  simplest 
formulations  may  comprise  only  two 
components ;  some  may  include  as  many 
as  eight.  The  number  of  ingredients 
used  in  the  21  commercial  formulations 
totaled  26 ;  none  of  them  would  be  ex¬ 
pected  to  permit  intake  of  more  than 
trace  amounts  of  sodium. 


In  addition  to  mineral-base  salt  sub¬ 
stitutes,  a  number  of  so-called  vegetized 
salts  are  also  marketed.  These  range 
somewhere  between  condiments  and 
salt  substitutes.  Most  of  these  have 
powdered  dehydrated  vegetables  or 
vegetable  powders  as  a  base.  Other  in¬ 
gredients  may  include  yeast,  bran, 
monosodium  glutamate,  lactates,  mal- 
ates,  citrates,  saccharated  iron,  magne¬ 
sium  carbonate,  magnesium  bromide, 
and  a  limited  amount  of  sodium  chloride 
(even  sea  salt).  These  may  contain 
considerable  quantities  of  sodium  and 
are  probably  of  doubtful  value  as  salt 
substitutes  in  diets  rigidly  restricted  in 
sodium. 

Under  usual  conditions,  and  if  used  in 
moderation,  salt  substitutes  which  do 
not  contain  significant  amounts  of  so¬ 
dium  may  be  used  by  patients  for  whom 
a  sodium-restricted  diet  is  prescribed. 
Although  many  patients,  after  a  period 
of  adjustment  to  dietary  sodium  restric¬ 
tion,  adhere  to  the  prescribed  diet  with¬ 
out  recourse  to  salt  substitutes,  adher¬ 
ence  to  the  dietary  regimen  may  depend 
upon  their  use  by  others. 

That  toxic  manifestations  may  result 
from  the  ingestion  of  substitutes  con¬ 
taining  lithium  is  well  established  (1, 
2,  3).  The  symptoms  which  result  con¬ 
sist  of  muscular  twitchings  and  tremors, 
weakness,  apathy,  and  confusion.  With 
severe  toxicity,  coma  and  death  may 
ensue.  Salt  substitutes  containing  lithi¬ 
um  are  no  longer  marketed. 

Although  salt  substitutes  other  than 
those  containing  lithium  can  apparently 
be  used  with  impunity,  it  is  conceivable 
that  the  administration  of  a  substitute 
containing  large  amounts  of  potassium 
to  patients  with  renal  insufficiency  (4, 
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5,  6),  or  of  ammonium  to  patients  with 
severe  liver  disease  (7,  8,  9)  may  be  ill 
advised.  Data  concerning  the  metabo¬ 
lism  of  ions  such  as  potassium  and  am¬ 
monium  given-for  prolonged  periods  of 
time  in  the  face  of  dietary  sodium  re¬ 
striction  are  lacking. 

Salt  substitutes  should  be  used  only 
upon  recommendation  of  a  physician, 
who  should  evaluate  the  individual  pa¬ 
tient’s  circumstances  and  the  chemical 
composition  of  a  salt  substitute  he  may 
prescribe.  As  a  rule,  mineral-base  salt 
substitutes  are  not  recommended  for 
use  in  food  processing. 
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Table  1 

SODIUM  AND  POTASSIUM  CONTENT  OF  FOODS 


Separate  analyses  indicate  the  variability  and  vagaries  of  individual  samples. 

Foods  are  alphabetically  arranged  except  for  Beverages  (Alcoholic  and  Carbonated),  Breakfast 
Cereals,  Fish  and  Shellfish,  and  Seasonings,  which  are  grouped  together  under  the  respective  headings. 
The  capital  letters  immediately  following  each  food  indicate  into  which  of  three  groups  the  food  is  classed  : 
(R)  represents  raw  or  fresh  foods,  (0)  represents  the  food  as  it  is  ordinarily  produced  commercially,  and 
(D)  represents  “dietetic”  foods.  The  last  may  be  canned  foods  packed  without  added  sodium  (salt),  or 
various  other  products  represented  as  “salt-free,”  “without  added  salt,"  “for  use  in  low-sodium  diets,” 
etc.  Where  values  are  marked  with  an  asterisk  (*)  the  item  is  noted  as  containing  more  sodium  than 
would  justify  claims  as  a  dietetic  food. 


Sodium 

Potassium 

FOOD 

mg/100  gm 

Av. 

No.  of 

Refer- 

Max.  Min.  Av. 

mg/100  gm 

Samples 

ence 

//Almonds  (R) . 

Almonds  (R) . 

Almonds  (R) . 

Almonds,  roasted  in  oil,  salted  (0) . 

Anchovy  paste  (0) . 

/Apples  (R) . 

Apples  (R) . 

Apples  (R) . 

Apples,  Mackintosh,  less  skin  and  cores  (R)  . 
Apples,  Red  Delicious,  less  skin  and  cores  (R) 

Apple  cider,  sweet,  bottled  (0) . 

Apple  juice  (R) . 

Apple  juice,  canned  (D) . 

Apple  sauce,  canned  (0) . 

Apple  sauce,  canned  (D) . 

Apricots  (R) . . 

Apricots  (R) . 

Apricots,  with  skin  (R) . 

Apricots,  canned  in  sirup  (0) . 

Apricots,  canned,  drained  (0) . 

Apricots,  canned  (D) . 

Apricots,  canned,  unpeeled  (D) . 

Apricots,  dried  (0) . 

Apricots,  dried  (O) . 

Apricots,  dried,  cooked  (6). 

Artichoke,  globe  (R) . 

Artichoke,  cream  of,  soup,  canned  (D) . 

Artichoke-spinach  noodles”  (D) 

Asparagus  (R) . 

Asparagus,  tips  (R) . 

Asparagus,  green,  canned  (D) 

Asparagus,  white,  canned  (D). . 

Asparagus,  cut  spears,  canned  (D) .  .  . 
Asparagus,  spears,  canned  (0) 

Asparagus,  tips,  canned  (D) 

Asparagus,  frozen  (0)  . 

Asparagus,  frozen  (0) .  . 

Asparagus,  tips,  frozen  (0) 

Avocado  (R) .  . 

Avocado  r R)  . 

Bacon  (0) .  . 

Bacon,  raw  (0) ...  . 

Bacon,  fried  crisp  (0) 

Raking  powder  (D) . " 

Baking  powder,  alum  type  (O) .  ’ 

Baking  powder,  phosphate  (0) 

Baking  powder,  tartrate  (0) 

Bananas  (R)  v  ’ . 

Bananas  (R) .  . 

Bananas  (R)  . 

Bananas  (R) . , . ' . 


6  0.4 

0  0.1 


13 

5 


35 


7.5 

2 


31 


17 


2 

3 


38 


30 


3 

3 

5.8 
160 

9,800 

2 

2.3 

0.3 

0.2 

0.3 

4 

0.1 

0.4 

0.3 

2 

1 

1 

0.6 

2 

11 

4 

2.8 

11 

33 

4  .2 

43 

44 
16 

3 

2 

3 

4 

2.7 
410 
3.2 
13 
1  .9 
410 
3 

3 

820 

680 

2,400 

34 

10,000 

9,000 

7,300 

0.5 

0.4 

4 

1  .2 


690 

747 

856 

710 

200 

111 

120 

140 

90 

76 

100 

71 


55 


311 

320 

440 

65 


197 
1 ,700 


430 

139 

270 

187 

240 


138 

130 

168 


130 

340 

679 

214 

110 

390 

10,610 

150 

170 

5,000 

420 

368 

378 

348 


1 

2 

10 


37 


1 

5 

6 
1 
1 

5 

6 

2 
1 
1 
1 
1 
4 
1 

4 

5 

6 
1 
1 

3 

4 
2 
1 

3 
11 

1 

2 

2 

5 
1 

4 

4 
2 
1 
2 
3 

14 

1 

1 

5 
5 
1 
1 
2 
1 
1 
1 
1 
2 

5 

6 
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Sodium-Restricted  Diets 
Table  1 — Continued 


FOOD 


Max. 


Sodium 
mg/100  gm 
Min.  Av. 


Potassium 

Av. 

mg/100  gm 


No.  of 
Samples 


Barley,  pearled  (0) . 

Barley,  pearled  (O) . . 

Barley,  pearled  (O) . 

Barley,  pearled  (O) . . 

Beans,  green  (R) . . 

Beans,  green  (R) . 

Beans,  green  (R) . . 

Beans,  snap  or  string  (R) . 

Beans,  green,  canned  (0) . '  ’ ' 

Beans,  green,  canned  (D) . 

Beans,  green,  canned  (D) . . . . . . 

Beans,  cut  wax,  canned  (D) . 

Beans,  green,  frozen  (O) . 

Beans,  green,  frozen  (O) . 

Beans,  Lima  (R) . 

Beans,  Lima,  canned  (O) . 

Beans,  Lima,  canned  (D) . 

Beans,  Lima,  canned  (D) . 

Beans,  Lima,  in  glass  (D) . 

Beans,  Lima,  frozen  (O) . 

Beans,  Lima,  frozen  (O) . 

Beans,  dry  Navy  (R) . 

Beans,  dry  Navy  (R) . 

Beans,  baked  Navy  and  pork  (0) . 

Beans,  dried  (R) . 

Beans,  dried  (pea  beans)  (R) . 

Beans,  baked,  canned  (0) . 

Beans,  wth  tomato  sauce  (0) . 

Beans,  pea,  with  vegetable  fat,  canned  (D) . .  . 

Beef,  corned  (O) . 

Beef,  dried  (0) . 

Beef,  frozen  (R) . 

Beef,  lean  (R) . 

Beef,  lean  (R) . 

Beef,  lean,  koshered  (R) . 

Beef,  lean,  round  (R) . 

Beef,  muscle,  not  trimmed  (R) . 

Beef,  muscle,  well  trimmed  (R) . 

Beef,  steak  (R) . 

Beef  and  gravy,  canned  (D) . 

Beef,  bouillon  cube  (0) . 

Beef  broth,  laboratory  samples . 

Beef  hash,  canned  (D) . 

Beef  hash,  corned,  canned  (O) . 

Beef  soup,  canned,  diluted  as  served  (O) . 

Beef  stew,  canned  (D) . 

V  Beets  (R) . 

Beets  (R) . 

Beets  (R) . 

Beets,  canned  (O) . 

Beets,  canned  (D) . 

Beets,  canned,  sliced  (D) . 

Beets,  canned,  whole  (D) . 

Beet  greens,  fresh  (R) . 

Beet  greens,  fresh  (R) . 

Beverages,  Alcoholic: 

Beer  (O) . 

Beer,  dark  (O) . 

Beer,  light  (O) . ; . 

Beer  and  ale,  domestic  and  foreign  (0) . 


.  3 

160 

.  4  .7 

200 

1 

.  3 

126 

.  2.6 

123 

.  0.9 

300 

.  0.1 

186 

1 

3  1  1 .5 

2 

.  3 

251 

.  410 

120 

2.0  0.8  1.6 

94 

3 

5  0.6  2 

16 

.  0.7 

78 

1 

.  2 

no 

.  1 .3 

12 

.  1 

680 

.  310 

210 

.  57* 

263 

1 

5  0.7  3 

3 

.  3 

1 

.  310 

580 

.  151 

12 

.  1 

1 ,300 

.  0.7 

1  ,720 

1 

.  480 

210 

.  1 

1  ,213 

.  1 

1 ,320 

1 

.  591 

344 

.  400 

140 

3.7 

324 

1 

1  ,300 

60 

...  4 ,300 

200 

74 

350 

.  65 

333 

51 

360 

1  ,600 

290 

68 

400 

1 

167  68  107 

345 

10 

167  47  70 

313 

19 

.  69 

334 

15 

61 

1 

24,000 

100 

56  56  56 

2 

8.2 

224 

1 

540 

200 

410 

100 

12  8.0  9.8 

78 

1 

110 

350 

66  28  54 

282 

5 

57 

331 

36 

120 

56  11  36 

1 

10 

45 

124 

1 

55 

264 

1 

135 

541 

.  130 

570 

8 

46 

4  .3 

34 

1 

16 

43 

1 

17  0 .9  6 .8 

26  1 

51 
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FOOD 


Beverages,  Alcoholic — Continued : 

Beer  and  ale,  various  (0) . 

Brandy  (O) . 

Gin  (0) . 

Rum  (0) . 

Whiskey,  blended  (0) . 

Whiskey,  bonded  (0) . 

Wine  (average)  (O) . 

Wine,  port  (0) . 

Wine,  Sauterne  (O) . 

Beverages,  Carbonated : 

Coca-Cola  (O) . 

Coca-Cola  (0) . 

Creme  Soda  (0) . 

Dr.  Pepper  (0) . 

Ginger  Ale  (0) . 

Ginger  Ale  (0) . 

Ginger  Ale  (0) . 

Canada  Dry  (0) . 

Grape  Soda  (0) . 

Lemon-lime  Soda  (0) . 

Orange  Crush  (0) . 

Orange  Soda  (0) . 

Pepsi-Cola  (0) . 

Pepsi-Cola  (0) . 

Root  Beer  (0) . 

Root  Beer  (0) . ’ 

Royal  Crown  Cola  (0) . 

Seven-Up  (0) . ’ 

Strawberry  Soda  (O) . 

White  Rock  (0) . ’  ’ ’  ’  ’ 

Blackberries  (R) . 

Blackberries  (R) . ’ 

Blackberries,  seeds  included  (R)  . 
Blackberries,  seeds  removed  (R)  .  .  .  . 

Blackberries,  canned  (D) . 

Blueberries  (R) . 

Blueberries  (R) . ]  ’ 

Blueberries,  canned  (D) .  1 

Blueberries,  canned  (D) . 

Boysenberries,  canned  (D) .  '  ’  ’  ’  ‘  ] 

Boysenberries,  canned  (D) 

Brain,  beef  (R) . 

Brain,  pig  (R) . 

Brazil  nuts  (R) . 

Brazil  nuts  (R) . 

Brazil  nuts  (R)  ..!!!!!!!!!*]*' 

Bread,  Boston  brown  with  raisins  (0) 

Bread,  honey  (D) .  . 

Bread,  low-sodium,  laboratory  samples. 
BrsampleW  S0^'Um  c'nnamon  ro">  laboratory 

Bread,  rye  (D)  . .  . . 

Bread,  rye,  canned  (D) . 

Bread,  rye  and  wheat  (0) 

Bread,  soy  (D)  . 

Bread,  unsalted  (D) . 

Bread,  white  (0)  . 

Bread,  white  (D)  . 

Bread,  white  (D)  . 


Sodium 

Potassium 

No.  of 

mg/100  gm 

Av. 

Max. 

Min. 

Av. 

mg/100  gm 

Samples 

23 

13 

18(a) 

60(a) 

3 

4 

0  7 

0.3 

2 

3 

0  .3 

1 

0  .1 

0  .6 

7 

104 

4 

75 

10 

87 

1 

52 

2 

1 

3 

2 

3 

8 

0.6 

18 

0.6 

12 

7 

33 

2 

100 

23 

15 

3 

10 

8 

0.5 

1 

5 

2 

1 

5 

1 

0.6 

3  .7 

208 

0  .2 

150 

2 

174 

2 

2.0 

0.2 

0.7 

4 

0.6 

,  89 

1 

73 

0.8 

1  .5 

48 

1 

0  .4 

0.6 

4 

1  .0 

0.3 

0.7 

5 

.  0.2 

1 

1 

155 

265 

150 

340 

2 

601 

1  .5 

760 

1 

670 

280 

360 

25 

480 

3 

94 

4 

2 

120 

41 

115 

1 

700* 

212 

1 

590 

160 

76  ' 

7 

1 

4 

28 

120 

14 

511 

109 

183* 

13 

79 

7 

56 

7 

Refer¬ 

ence 


6 

1 

1 

1 

1 

1 

5 
1 
1 

1 

9 

9 

9 

9 

9 

1 

1 

9 

1 

1 

9 

1 

9 

1 

9 

1 

9 

1 

9 

6 
1 
5 
5 

4 
1 

5 
2 
4 
4 

4 

10 

1 

5 

6 
1 
1 
1 
1 

1 

2 

2 

1 

9 

1 

5 

9 

9 


(a)  mg.  per  100  cc. 
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FOOD 


Bread,  white  (D) . 

Bread,  white,  enriched  (6) . 

Bread,  whole  wheat  (O) . ’  ’  ]  '  '  '  '  ‘ 

Bread,  whole  wheat  (0) . |  ’ 

Bread,  whole  wheat  (D) . 

Bread,  whole  wheat  (D) . . 

Bread,  whole  wheat  and  white  (0) . 

Broccoli  (R) . 

Broccoli  (R) . 

Broccoli,  buds  (R) . 

Broccoli,  stems  (R) . ' 

Broccoli,  frozen  (0) . 

Broccoli,  buds  and  stems,  frozen  (O) ......  .. 

Brussels  sprouts  (R) . ’ 

Brussels  sprouts  (R) . 

Brussels  sprouts  (R) . 

Brussels  sprouts,  frozen  (0) . 

Brussels  sprouts,  frozen  (0) . 

Butter,  theoretical  sodium  value  based  on 

U.  S.  average  salt  content  of  2.5% . 

Butter,  salted  (O) . 

Butter,  sweet  (O) . 

Butter,  unsalted  (O) . 

Cabbage  (R) . 

Cabbage (R) . 

Cabbage  (R) . 

Cabbage,  headed  (R) . 

Cabbage,  loose  leaves  (R) . 

Cabbage,  red  (R) . 

Cabbage,  savoy  (R) . 

Cabbage,  winter  (R) . 

Candy,  caramel,  soft  (D) . 

Candy,  milk  chocolate  (O) . 

Candy,  gum  drop  (O) . . 

Candy,  marshmallow  (O) . 

Candy,  marzipan  (D) . 

Candy,  Necco  wafers  (O) . 

Candy,  peppermint  patty,  Schrafft.  (O) . 

Candy,  sweet  chocolate  (0) . 

Candy  bar,  Baby  Ruth  (0) . 

Candy  bar,  Milky  Way  (O) . 

Candy  bar,  Oh  Henry  (0) . 

Candy  bar,  coconut  (D) . 

Candy  bar,  fruit  (D) . 

Cantaloupe  (R) . 

Cantaloupe  ( R) . 

Cantaloupe  (R) . 

Carrots  (R) . 

Carrots  (R) . 

Carrots,  old  (R ) . 

Carrots,  scraped  and  trimmed  (R) . 

Carrots,  canned  (O) . . 

Carrots,  canned  (D) . 

Carrots,  canned  (D) . 

Carrots,  canned,  sliced  (D) . 

Carrot  juice,  canned  (D) . 

Casein,  acid-washed  (0) . 

Casein,  low-ash,  commercial  (0) . 

Casein,  vitamin-free  (O)  . 

Cashew  nuts  (R) . 

Cashew  nuts  (R) . . 

Cashew  nuts,  roasted  in  oil,  salted  (0) . 


Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

Refer¬ 

ence 

28  16  22 

191 

2 

9 

.  640 

180 

i 

.  930 

230 

i 

.  671 

224 

5 

270 

i 

2 

230*  13  45 

8 

9 

.  620 

250 

1 

.  16 

400 

1 

.  10 

336 

5 

20  7  18 

2 

3 

38  7  37 

2 

3 

250 

1 

.  20 

12 

14 

450 

1 

.  12 

383 

1 

2 

.  9 

332 

5 

.  9 

300 

1 

32  21  27 

2 

3 

.  980 

1 

.  880 

23 

1 

.  22 

14 

1 

2 

.  5 

4 

1 

.  5 

230 

1 

20  18  19 

177 

2 

2 

21  18  19 

2 

3 

5 

294 

5 

.  18 

402 

5 

.  32 

302 

6 

.  22 

263 

6 

.  28 

240 

6 

.  208* 

340 

1 

2 

.  86 

420 

1 

41 

18 

1 

41 

6 

1 

30 

1 

9 

5 

2 

1 

10 

110 

1 

35 

230 

1 

170 

300 

1 

220 

150 

1 

76 

420 

1 

161* 

274 

1 

2 

22 

606 

1 

2 

13 

319 

6 

15 

249 

5 

12 

230 

1 

51 

334 

5 

52 

358 

1 

2 

95 

224 

6 

31 

410 

1 

280 

110 

1 

83  12  40 

8 

4 

12 

1 

4 

42 

140 

1 

2 

61  23  42 

214 

2 

2: 

0.4 

2 

1 

13 

39 

1 

160 

900 

1 

13 

560 

5 

14 

560 

i 

200 

560 

i 
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FOOD 


Cauliflower  (R) . 

Cauliflower,  buds  (R) . 

Cauliflower,  buds  (R) . 

Cauliflower,  frozen  (0) . 

Caviar,  salmon,  canned  (0) . 

Celery  (R) . 

Celery  (R) . 

Celery  (R) . 

Celery  (R) . 

Celery,  stalks,  less  leaves  (R) . 

Celery  juice,  canned  (D) . 

Cereals,  Breakfast: 

Bran,  all-bran  (0) . 

Bran,  all-bran  (0) . 

Bran,  crude,  unsalted  (R) . 

Corn  flakes  (0) . 

Oats,  oatmeal  (R) . 

v-  Oats,  rolled  (oatmeal)  dry  (0) . 

Rice,  flakes  (0) . 

Rice,  flakes  (D) . 

v  Rice,  puffed  (0) . 

Rice,  puffs  (D) . 

'  Wheat  (D) . 

v  Wheat,  cracked  (D) . . 

Wheat,  Cream  of  Wheat,  enriched  (0).  .  .  . 

Wheat,  farina  (0) . 

Wheat,  farina,  Cream  of  Wheat  (6) . 

Wheat,  farina,  Cream  of  Wheat,  quick¬ 
cooking,  enriched  (0) . 

Wheat,  flakes  (0) . 

Wheat,  germ,  malt  flavored,  Zing  (0) . 

Wheat,  Grape  Nuts  (0) . 

Wheat,  Maltex  (0). . 

Wheat,  Muffets  (0) 

Wheat,  Pettijohn’s  (O). 

Wheat,  puffed  (0) . 

Wheat,  Ralston,  instant  (0)  .  . 

Wheat,  shredded  (O) 

Wheat,  Wheatena  (O)  . 

Wheat  and  soy  cereal  (D) 

Chard  (R) . 

Chard,  large  leaves  (R) 

Chard,  small  leaves  (R) . 

Cheese,  American  Swiss  (0) 

Cheese,  cheddar  (0) 

Cheese,  cheddar  (0) 

Cheese,  cottage  (0) 

Cheese,  cottage  (D) .  . 

Cheese,  cream  (0) ......  . 

Cheese,  cream,  Philadelphia  (0) 

Cheese,  Dutch  (0) 

Cheese,  Gorganzola  (0) .  .  .  ' 

Cheese,  Gruyere  (O) . 

Cheese,  Parmesan  (0) 

Cheese,  process  (0) 

fe'[Urtachees"00d(by:::::c:: 

Cherries  (R)  . 

Cherries,  sweet,  dark  (R)  .  . 

Cherries,  canned,  in  sirup  (6) 
hemes,  light,  canned,  in  sirup  (0) 

Cherries,  sweet,  dark,  canned  (D) 


15 


130 


100 


282 


20 


Sodium 
mg/100  gm 

Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

24 

313 

9 .5  12 

361 

2 

24 

400 

16 

12 

....  2 ,200 

180 

91 

293 

i 

132  131 

2 

96 

290 

137 

278 

no 

300 

69  84 

361 

2 

....  1  ,210 

955 

....  1  ,400 

1  ,200 

15 

980 

660 

160 

1 

431 

2 

340 

720 

180 

270* 

120 

i 

0  .9 

100 

4  .0 

134 

i 

1  .7 

560 

l 

1  .2 

446 

l 

228  255 

2 

2 

86 

2 

86 

90 

84 

....  1  ,300 

320 

9 

780 

660 

230 

4 

250 

4 

300 

o 

....  M 

380 

4 

340 

1 

360 

2 

330 

2 

380 

3 

1  ,450 

1 

85 

349 

210 

720 

84 

380 

710 

100 

700 

92 

612 

116 

290 

72 

18  19 

9 

110 

47 

250 

74 

1  ,250 

96 

.  1  ,220 

172 

542 

128 

755 

153 

1  ,500 

80 

1  ,600 

270 

3 

246 

3  .4 

290 

....  1 

260 

0.8 

77 

...  3 

0.7  i 

55 

5 

Refer¬ 

ence 


5 

2 

1 

14 

1 

2 

3 

5 

6 
1 
2 

6 

1 

1 

1 

5 

1 

1 

2 

1 

2 

2 

2 

3 
5 
1 

1 

1 

1 

1 

1 

1 

i 

i 

i 

i 

1 

2 

5 
1 
1 
1 
1 

6 
1 
9 
6 
1 
6 
0 
6 
6 
1 
1 

5 

6 
1 
1 
1 

4 
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Sodium-Restricted  Diets 
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FOOD 


Sodium 
mg/100  gm 
Max.  Min.  Av. 


Potassium 

Av.  No.  of 
mg/100  gm  Samples 


Cherries,  sweet,  light,  canned  (Dj . 

Cherries,  frozen,  in  sirup  (O) . ’  ’ ' 

Cherries,  sour,  frozen,  in  sirup  (6) . 

Chestnuts  (R) . 

Chestnuts  (R) . 

Chestnuts  (R) . ’ "  ’  ’  / 

Chicken  (R) . 

Chicken,  light  meat  (R) . 

Chicken,  light,  breast  meat  (R) !'.!!!!!!!”! ! 

Chicken,  dark  meat  (R) . 

Chicken,  dark,  leg  meat  (R) . !  ^  i  *  ’  ’ 

Chicken  noodle  soup,  powdered  (D) . 

Chili  con  came,  canned  (D) . 

Chocolate,  bitter  (O) . 

Chocolate,  plain  (O) . 

Chocolate,  unsweetened  (0) . 

Chocolate  sirup,  Hershey  (O) . 

Cider,  sweet,  bottled  (O) . 

Citron,  candied  (0) . 

Cocoa,  Dutch  process  (O) . 

Cocoa,  plain,  Hershey  (O) . 

Coconut  (R) . 

Coconut  (R) . 

Coconut  (R) . 

Coconut,  dry  (O) . 

Coconut,  dry,  shredded  (O) . 

Coconut  milk  (R) . 

Coconut  milk  (R) . 

Cod  liver  oil  (R) . 

Coffee,  instant,  Nescafe,  dry  (0) . 

Coffee,  decaffeinated,  Sanka,  dry  (O) . 

Coffee,  regular,  roasted,  dry  (0) . 

Cookies  (D) . 

Cookies  (D)  ...  . 

Cookies  (D) . 

Cookies,  assorted  (D) . 

Cookies,  rice  (D) . 

Consomme,  vegetable,  powdered  (D) . 

Corn  (R) . 

Corn,  sweet  (R) . 

Corn,  sweet  (R) . 

Corn  sweet,  white,  milk  stage  (R) . 

Corn,  sweet,  yellow,  milk  stage  (R) . 

Corn,  field,  white,  dried  (R) . 

Corn,  field,  yellow,  dried  (R) . 

Corn,  sweet,  white,  canned  (O) . 

Corn,  sweet,  yellow,  canned  (O) . 

Corn,  sweet,  canned  (D)  . 

Corn,  whole  grain,  canned  (D) . 

Corn,  white,  whole  grain,  canned  (D) . 

Corn,  yellow,  whole  grain,  canned  (D) . 

Corn,  frozen  (0) . 

Corn,  sweet,  yellow,  frozen  CO) ........  •  •  •  • 

Com  meal,  yellow,  enriched,  degerminated  (O) 

Corn  oil  (0) . 

Corn  starch  (O) . 

Cottonseed  oil  (O) . 

Cowpeas,  fresh,  shelled  (R) . 

Crackers  (D) 

Crackers,  graham  (O) . . ._ . •  •  •  •  ■  ,  -x:  ■ 

Crackers,  matzoth,  American  style,  salted  (U) . 
Crackers,  matzoth,  egg  (0) . 


270 

18 


4 

5 

112 


0.7 


Hi 

15 


1 

1 

2 

2 

7 

11 

75 

54 

78 

80 

110 

124 

8.5 

4 

19 

4 

60 

4 

290 

57 

5 
16 
89 
29 
22 
16 
53 

105 

0.1 

84 

6 
2 

12 

214* 

155* 

163* 

17 

1  ,960* 

1 

0.2 

1 

0.3 

0.4 

0.3 

0.6 

200 

210 

2.3 

18 


2  3 

0 .2  1 

91  102 

9 

0.7 

0.2 

4 

Negligible 

2 

182* 

710 

470 

16 


4 

280 

78 

410 

489 

497 

343 

208 

1 

320 

250 

1 

250 

136 

1 

183 

1 

830 

397 

830 

130 

100 

120 

3,200 

1 ,400 

436 

363 

320 

719 

770 

190 

312 

3  ,100 

2,000 

1  ,600 

240 

870 

1 

455 

1 

6 

212 

2 

19 

1 

350 

290 

1 

240 

370 

343 

1 

290 

5 

200 

200 

167 

1 

1 

4 

19 

2 

190 

120 

0.1 

4 

Negligible 

1 

560 

424 

1 

330 

120 

160 
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Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

.  28 

130 

.  4 

130 

1 

140 

1 

160 

350 

110 

.  2 

130 

.  280 

420 

.  1  ,500 

600 

.  1,100 

120 

.  3 

78 

.  1  .8 

119 

.  1 

64 

.  2.1 

44 

1 

.  1 

17 

.  31 

93 

.  30 

91 

.  40 

56 

11  6  8.5 

2 

.  13 

141 

.  0.9 

230 

.  7 

2 

200 

.  2 

250 

.  2.7 

372 

.  2 

160 

.  2 .3 

275 

.  1  .5 

291 

.  18 

550 

708 

.  22 

730 

.  76 

430 

.  1 

790 

.  4  .8 

754 

.  1 

790 

.  840 

160 

.  46 

160 

.  46 

1  ,300 

.  52 

360 

.  14 

14 

.  1 

0.4 

14 

29 

1 

.  3.5 

26 

1 

8  .4 

25 

1 

.  22 

40 

1 

.  375* 

40 

1 

68 

360 

96 

210 

.  110 

100 

166  131  148 

141 

9 

170 

154 

192 

148 

26 

100 

100  73  86 

91 

9 

56 

118 

50 

123 

.  137 

138 

135 

138 

81 

100 

.  133 

137 

1 

.  2 

229 

2.5 

238 

.  0.9 

190 

FOOD 


Crackers,  matzoth,  Farfel  (dough  balls)  (0). 

Crackers,  matzoth,  meal  (0) . 

Crackers,  matzoth,  Passover  (0) . 

Crackers,  matzoth,  plain  (0) . 

Crackers,  matzoth,  poppyseed  (0) . 

Crackers,  matzoth,  thin  tea  (0) . 

Crackers,  matzoth,  whole  wheat  (0) . 

Crackers,  rye,  Ry-Krisp  (0) . 

Crackers,  soda  (0) . 

Cranberries  (R) . 

Cranberries  (R) . 

Cranberries  (R) . 

Cranberries,  canned  (D) . 

Cranberry  sauce,  canned  (0) . 

Cream  (0) . 

Cream,  light,  or  heavy  (0) . 

Cream,  whipping,  32%  fat  (0) . 

•"Cucumber  (R) . 

Cucumber  ( R) . 

Cucumber,  less  parings  (R) . 

Cucumber,  seeds  included  (R) . 

Cucumber  pickle,  dill  (0) . 

Currants  (R) . 

Currants,  black  (R) . 

Currants,  red  (R) . 

Currants,  red  (R) . . 

Currants,  white  (R) . 

Currants,  dried  (O) . 

Currants,  dried  (0) . 

Currants,  Zante,  dried  (0) . 

Dandelion  greens  (R) . 

Dates  (R) . 

Dates,  dried  (0) . . 

Dates,  semi-dry,  California  (Rj  . . 

Dextri-maltose,  No.  1  (0). 

Dextri-maltose,  No.  2(0). 

Dextri-maltose,  No.  3  (0).  . 

Dextri-maltose  B  (0) .  . 

Dextrin  (0) . 

Dextrose  (0) . ]  ’  '  ’ 

Dressing,  French  (D)!  .  .  .  . 

Dressing,  French  (D) . 

Dressing,  salad  (D) . 

Dressing,  salad  (D) . 

Dressing,  salad  topping  (D) 

Duck,  breast  (R) . 

Duck,  leg  (R) . 

Egg  whites  (R) . 

Egg  whites  (R) . 

Egg  whites  (R) . 

Egg  whites  (R) ... 

Egg  yolks  (R)  .  . 

Egg  yolks  (R) .  .  . 

Egg  yolks  (R) .  . 

Egg  yolks  (R) . ; . 

'Eggs,  whole  (R) 

Eggs,  whole  (R) . 

Eggs,  whole  (R) .  . 

Eggs,  whole  (R)  . 

Eggplant  (R)  . 

Eggplant  (R).  ..  .  . 

Eggplant,  less  skin  (R) . 


Refer¬ 

ence 


1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

6 
1 
2 
1 
6 
6 
1 
3 
6 
1 
3 
1 

5 

6 
1 
6 
6 

5 

6 
1 
1 
1 
6 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
1 
1 
1 
2 

5 

6 
1 
2 

5 

6 

5 

6 
1 
2 

5 

6 
1 
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FOOD 


Endive  (R) . 

Endive  and  escarole  (R) 

Figs (R) . . 

Figs  (R) .  . 

./Figs,  dried  (O) . 

Figs,  canned,  in  sirup  (6) .  1  ‘ ' 

Figs,  canned  (D) . 

Figs,  in  glass  (D) . .  .  .  . 

Filberts  (hazelnuts)  (R) . 

Fish  and  Shellfish: 

Bluefish  (R) . 

Catfish,  Ohio  River  (R) _ ’  ’  ’  ’  ’  ’  ’  ’  ’  '  '  ‘  ' 

Clams  (R) . 

Clams  (R) . 

Cod  (R) . 

Cod  (R) . ’  ’  ’  ’ 

Cod,  dried,  salted  (O) . | 

Cod,  frozen  fillets  (0) . ’  ' . 

Crab,  boiled  in  fresh  water  (0) . 

Crab,  canned  (0) . . 

Eels,  various  (R) . 

Flounder  (R) . 

Haddock  (R) . 

Halibut  (R) . "  ] 

Herring  (R) . 

Herring,  fillets  (R) . 

Lobster,  boiled  in  fresh  water  (O) . 

Lobster,  boiled  in  tap  water  (O) . 

Mussels  (R) . 

Oysters  (R) . 

Oysters  (R) . 

Oysters  (R) . 

Rockfish  (R) . 

Salmon  (R) . 

Salmon  (R) . 

Salmon,  canned  (0) . 

Salmon,  canned  (D) . 

Sardine,  canned  (0) . 

Sardine  (Herring)  canned  in  oil  (O) . 

Sardine  (Pilchard)  canned  in  natural  sauce 


Sardine  (Pilchard)  canned  in  tomato  sauce 

(O) . 

Scallops,  frozen  (O) . 

Shrimp  (R) . 

Shrimp  (R) . 

Tuna,  canned  (O) . 

Tuna,  canned  (D) . 

Flour,  buckwheat  (O) . 

Flour,  gluten  (O) . 

Flour,  graham  (0) .  . 

Flour,  rye  (O) . 

Flour,  rye,  dark  (O) . 

Flour,  self -riging  (O) . 

Flour,  semolina  (D) . 

V'  Flour,  soybean  (0) . . . 

Flour,  soybean,  solvent  extracted  (0) . 

Flour,  untreated,  high  extraction  (0) . 

--  Flour,  wheat,  various  types  (O) . 

Flour,  white  (O) . 

Flour,  whole  wheat  (graham)  (0) . 

Frankfurters  (O) . 


Sodium 
mg/100  gm 

Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

18 

400 

10 

387 

2 

290 

2. 

190 

34 

780 

1 

105 

0.6  2 

5 

0.6 

1 

1 

560 

68 

315 

60 

330 

180 

240 

603 

172 

60 

360 

75 

339 

....  8,100 

160 

400 

400 

366 

271 

...  1 ,000 

110 

67  78 

237 

68 

311 

125 

302 

56 

340 

100 

303 

130 

317 

325 

258 

210 

180 

289 

315 

73 

73 

110 

505 

258 

45 

334 

53 

331 

48 

410 

540 

61 

300 

614 

393 

510 

510 

760 

260 

.  .  400 

320 

150 

420 

140 

220 

140 

312 

800 

240 

36  46 

382 

3 

1 

680 

2 

24 

3 

324 

1 

405 

1 

860 

1  ,500 

90 

1 

2 

1 

1  ,700 

1 

1 ,700 

1 

120 

2.8 

159 

2 

128 

2 

290 

....  1,100 

220 
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FOOD 


Fruit  cocktail,  canned,  in  sirup  (O) . 

Fruit  cocktail,  canned  (D) . 

Fruit  cocktail,  in  glass  (D) . 

Gelatin,  flavored  (Jell-O)  (0) . 

Gelatin,  flavored  (4  flavors)  (D) . 

Gelatin,  plain  (0) . 

Gizzard,  turkey  (R) . 

Goose,  breast  (R) . 

Goose,  leg  (R) . 

Gooseberries  (R) . 

Gooseberries,  ripe  (R) . 

Gooseberries,  frozen  (0) . 

Grapes  (R) . 

Grapes,  Concord,  less  seeds  and  skins  (R) 
Grapes,  Emperor,  less  seeds,  with  skin  (R) .  .  . 

Grapes,  seeds  removed  (R) . 

Grapes,  Thompson  seedless,  with  skin  (R).  .  .  . 

Grapes,  Tokay,  less  seeds,  with  skin  (R) . 

Grapes,  white  (R) . 

Grapes,  canned  (D) . 

Grape  juice,  Concord,  sweetened,  bottled  (6) . 

Grapefruit  (R) . 

Grapefruit  (R) . 

Grapefruit  (R) . 

Grapefruit  (R) . 

Grapefruit  juice  (R) . ’  ’ 

Grapefruit  juice,  canned  (D) . 

Grapefruit  juice,  canned,  sweetened  (6) . 

Grapefruit  segments,  canned  (D) . 

Grapefruit  segments,  frozen,  sweetened  (0) 

Gum,  chewing,  Spearmint  (0) . 

Ham,  cured  (O) . 

Ham,  cured  (0) . 

Heart  (R) . 

Heart,  beef  (R) . ’  ’  '  '  ’  ’ 

Heart,  turkey  (R) . 

Hominy,  canned  (0) . 

Honey  (R) . 

Honey  (R) . 

Honey,  dark,  domestic  (R) . 

Honey,  light,  domestic  (R)  ... 

Honey,  in  jars  (R) . 

Honey,  strained  (R) .... 

Ice  cream  (O) . 

Ice  cream  (0) . 

Ice  cream  (D) . 

Jam,  fruit  with  edible  seeds  (0) 

Jam,  grape  (0) . 

Jam,  stone  fruit  (0) 

Kale  (R) . . 

Kale,  leaves  and  midribs  (R) 

Kidney  (R) .  . 

Kidney,  beef  (R)  . 

Kidney,  beef  (R) . .  . 

Kidney,  ox  (R) .  . 

Kidney,  sheep  (R)  . 

Kohlrabi  (R) . . 

&Xi£lpo)"d  rind' leS5  seeds 

Lactose,  U.  S.  P.  (O)  . 

Lamb,  lean  (R)  . 

Lamb,  chop,  lean  (R)'. . 


Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

Refer¬ 

ence 

.  9 

160 

1 

6  2  3 

8 

4 

.  1 

1 

4 

.  330 

210 

1 

8.9  2.4  6.4 

2 

4 

2 

.  36 

22 

1 

.  58 

170 

1 

.  76 

420 

1 

.  96 

420 

1 

.  0.7 

87 

1 

.  1  .2 

170 

6 

.  2 

150 

1 

.  0.8 

197 

1 

2 

.  3 

83 

1 

.  4 

180 

1 

.  2 

195 

5 

.  4 

180 

1 

.  0.7 

160 

1 

1  .6 

250 

6 

5  2  4 

5 

4 

. '  1 

120 

1 

.  0.5 

200 

1 

1  .0  7  .0  3  .6 

7 

3 

.  2 

198 

5 

.  1  .4 

234 

6 

.  2 

129 

5 

2.0  0.2  1.0 

9 

4 

.  0 .4 

150 

1 

4  1  2 

8 

4 

5 

60 

1 

.  22 

27 

1 

.  1,100 

340 

1 

.  1,120 

345 

6 

.  80 

257 

5 

90 

160 

1 

.  69 

240 

1 

.  250 

22 

1 

.  7 

10 

1 

9 

5 

9.4  2.7  7.6 

168 

18 

13 

1  .9  1  .7  l  .8 

20 

13 

13 

.  11 

51 

6 

.  4 .8 

43 

1 

2 

.  100 

90 

1 

.  64 

180 

6 

.  82 

1 

9 

.  16 

112 

6 

.  7 

78 

1 

.  12 

104 

6 

.  56 

401 

5 

.  110 

410 

1 

.  215 

250 

5 

.  210 

310 

1 

172  147  159 

234 

2 

10 

245 

231 

6 

.  250 

254 

6 

.  10 

337 

5 

.  7 

230 

1 

.  47 

69 

1 

.  2 

Negligible 

1 

.  90 

327 

98 

340 

1 
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Lamb,  chop,  lean  (R) . 

Lamb,  leg,  lean  (R) . 

Lamb,  muscle  (R) . " ' ' 

Lard  (O) . 

Lard  (O) . . 

^  Lemons,  or  juice  (R) . . 

Lemons,  pulp  and  juices  (R) . 

Lemon  juice  (R) . 

Lemon  juice,  canned  (D) . 

Lemon  peel  (R) . 

Lemon  peel,  candied  (O) . 

Lentils,  dried  (R) . 

U  Lettuce  (R) . 

Lettuce,  head  (R) . 

Lettuce,  head  (R) . 

Lettuce,  head  (R) . 

Lettuce,  leaf  (R) . 

Lime,  pulp  and  juice  (R) . 

Litchi,  dried  (R) . 

Liver  (R) . 

Liver  (R) . 

Liver,  beef  (R) . 

Liver,  calf  (R) . 

Liver,  chicken  (R) . 

Liver,  goose  (R) . 

Liver,  pig  (R) . 

Liver,  turkey  (R) . 

Loganberries  (R) . 

Macaroni  (0) . 

Macaroni  (O) . 

Macaroni  (O) . 

Macaroni  (D) . 

Macaroni  (D) . 

Margarine  (O) . 

Margarine  (D) . 

Marmalade,  orange  (O) . 

Mayonnaise  (O) . 

Mayonnaise  (D) . . 

Mayonnaise,  soybean  oil  (D) . 

Meat  extract,  flavored  (O) . 

Meat  sauce,  canned  (D) . 

Melba  toast  (D) . 

Milk,  Cow’s: 

Buttermilk,  cultured  (0) . 

Condensed,  sweetened  (0) . 

Dry,  whole  (O) . 

Dry,  whole,  dialyzed  (D) . 

Dry,  whole,  Lesofac  (D) . 

Dry,  whole,  Lonalac  (D) . 

Dry,  whole,  Lonalac  (D) . 

Dry,  whole,  malted  (O) . 

Evaporated  (O) . 

Fresh,  skim  (R) . 

Fresh,  whole  (R) . 

Fresh,  whole  (R) . 

Fresh,  whole  (R) . 

Fresh,  whole  (R) . 

Milk,  goat’s  (R)  •  •  ■  . . . 

Milk,  human,  3-10  days  postpartum  (K). - 

Milk  human,  49-77  days  postpartum  (K) .  . .  . 

Milk  fat  (R) . •  •  •  •  •  •  •  . . 

Molasses,  Brer  Rabbit  (O) . 


Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples'. 

.  91 

350 

.  78 

380 

140  79  97 

249 

4 

0  .3 

Negligible 

0.2 

Negligible 

1 

.  2 

148 

.  0.7 

130 

.  1  .5 

142 

2.0  0.7  1.0 

5 

.  9 

360 

.  50 

12 

.  3 

1  ,200 

.  3.1 

208 

.  12 

140 

36  36  36 

2 

.  14 

267 

.  7 

230 

.  1 

100 

.  3 

1  ,100 

.  91 

296 

.  86 

325 

346  53  155 

292 

13 

.  110 

380 

.  84 

276 

1 

.  140 

230 

.  77 

350 

.  51 

160 

2.5 

257 

12 

162 

13  13  13 

2 

1 

160 

.  3 

1 

3 

370 

1 

...  1,100 

58 

10 

1 

1 

13 

19 

590 

25 

37 

12 

1 

22  18  20 

19 

4 

. 11,000 

7 

6,000 

218 

1 

14  8  11 

151 

2 

130 

140 

140 

340 

410 

1 ,100 

1 

498* 

1  ,620 

18 

1  ,200 

1 

13 

1  ,300 

16 

840 

1 

440 

720 

100 

270 

52 

150 

50 

140 

1 

50 

143 

51 

143 

50 

160 

34 

180 

10 

37 

68 

11 

51 

4 

0.4 

0.3 

1 

6.2 

1 ,350 

Refer 

ence 
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FOOD 


Molasses,  cane  (0) . . 

Molasses,  light  (0) . 

Molasses,  medium  (0) .  . . 

Muffins,  bran,  with  raisins  (D) . 

Muffins,  soy  (D) . 

Muffins,  whole  wheat  (D) . 

Mulberries  (R) . 

Mushrooms  (R) . 

Mushrooms  (R) . 

Mushrooms  (R) . 

Mushrooms  (R) . 

Mushrooms,  canned  (O) . 

Mushrooms,  canned  (D) . 

Mushrooms,  canned  (D) . 

Mustard  greens  (R) . 

Mustard  greens  (R) . 

Nectarines,  less  skin  (R) . 

Okra  (R) . 

Okra,  seeds  included  (R) . 

Olives,  green,  pickled  (0) . 

Olives,  packed  in  water  (D) . 

Olives,  ripe,  pickled  (0) . 

Olives,  stuffed,  pickled  (0) . 

Olive  oil  (0) . 

Onions  (R) . 

Onions  (R) . 

Onions,  green  (R) . 

Onions,  green  and  white  portion  (R) 

Onions,  less  tops  and  dry  skin  (R) . 

Onions,  peeled  (R) . ' 

Onions,  spring  (R) . . 

Onion  soup,  cream  of,  canned  (D) . .  . 

Oranges  (R) . ’ 

Oranges,  pulp  and  juice  (R) .  .  . . . 

Oranges,  Temple,  pulp  and  juice  (R) . 

Orange  juice  (R) . 

Orange  juice  (R) . 

Orange  juice,  canned  (D) ...... 

Orange  juice,  canned,  unsweetned  (0) 
Orange  and  grapefruit  juice,  canned  (D) 

Pabena  (0) . 

Pablum  (0) . . 

Pancreas,  pig  (R) . ’ 

Parsnips  (R) . 

Parsnips  (R) . . 

Parsnips,  scraped  and  trimmed  (R) 

Peas  (R) .  . 

Peas  (R) . 

Peas  (R) . ’  ’  ’ 

Peas  (R) . ......! 

Peas,  canned,  less  liquor  (6) . . 

Peas,  Alaska,  canned  (D) 

Peas,  sweet,  canned  (D) 

Peas,  sweet,  canned  (D) 

Peas,  sweet,  canned  (D) 

Peas,  sweet,  in  glass  (D) 

Peas,  dry  (R). .  . 

Peas,  dry  (R). . .  . 

Peas,  dry  (R)  .  .  . 

Peas,  dry,  split  (R) . 

Peas,  frozen  (0)  . 

Peas,  frozen  (0)  . 


Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

.  80 

1,500 

.  15 

917 

.  37 

1  ,063 

.  860* 

1 

560  520  540* 

2 

.  455* 

370 

1 

.  0.7 

200 

2 

.  9 

467 

.  7 

494 

.  3 .7 

464 

1 

.  5 

520 

.  400 

150 

.  2.5 

244 

1 

2  1  2 

4 

.  48 

450 

.  34 

394 

.  2 

3-20 

.  1 

220 

.  1 

220 

.  2,400 

55 

.  96 

3.2 

1 

.  980 

23 

.  2 ,800 

55 

.  0.2 

0.2 

.  10 

137 

.  7 

162 

.  0.9 

195 

1 

.  18 

1 

.  1 

130 

15  6.5  11 

4 

.  13 

226 

.  61* 

108 

1 

.  2 

185 

.  0.3 

170 

.  3 

220 

.  1 

166 

.  1  .7 

179 

1.2  0.2  0.5 

14 

.  0.5 

190 

0.8  0.1  0.3 

6 

.  640 

340 

.  620 

380 

.  57 

240 

.  8 

465 

.  10 

342 

.  7 

740 

.  1  .5 

310 

1 

.  0.5 

342 

.  1 

370 

.  4 

315 

.  270 

96 

2.1  0.5  2 

6 

■ .  1  .7 

100 

1 

12  5  8.5 

2 

5  0 .3  2 

15 

.  0.8 

1 

.  38 

985 

.  35 

979 

.  12 

990 

1 

880 

24  12  18 

2 

12 

Refer¬ 

ence 


48 


Sodium-Restricted  Diets 
Table  1 — Continued 
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Peas,  frozen  (O) . . 

Pea  soup,  canned  (D) . . 

Pea  soup,  canned  (D) .  " 

Pea  soup,  canned  (D) . ’  ’ 

'-''Peaches  (R) . ’  ’  ’ 

Peaches  (R) . ’ 

Peaches  (R) . "  [  ’  ^  ‘  ‘  ’ 

Peaches,  less  skins  (R) . ’ 

Peaches,  canned,  in  sirup  (6) . 

Peaches,  dried  (O) . 

Peaches,  dried  (O) . . 

Peaches,  dried,  cooked  (O) . 

Peaches,  frozen,  in  sirup  (0) . 

Peaches,  cling,  canned  (D) . 

Peaches,  cling,  in  glass  (D) . 

Peaches,  freestone,  canned  (D) . 

Peaches,  freestone,  in  glass  (D) . 

Peanuts  (R) . 

Peanuts  (R) . 

Peanuts,  with  skins  (R) . 

Peanuts,  roasted  in  shell,  with  skins  (0) . 

Peanuts,  roasted  in  oil  and  salted  (O) . 

Peanut  butter  (O) . 

Peanut  butter  (D) . 

Peanut  butter  (D) . 

Peanut  oil  (O) . 

^  Pears  (R) . 

Pears  (R) . 

Pears  (R) . 

Pears,  less  skin  and  core  (R) . 

Pears,  canned,  drained  (O) . 

Pears,  canned  (D) . 

Pears,  canned  (D) . 

Pears,  in  glass  (D) . . 

Pears,  Bartlett,  canned,  in  sirup  (O) . 

Pecans  (R) . 

Pecans  (R) . . 

Pectin  solution  (Certo)  (O) . 

Pepper,  green  (R) . 

Pepper,  green,  empty  pods  (R) 

Persimmons  (R) . •' . 

Persimmons,  wild  (R) .  . 

v  Pineapple  (R) . 

Pineapple  (R) . 

Pineapple  (R) . 

Pineapple  (R) ; 

Pineapple,  canned,  drained  (O) 

Pineapple,  canned,  in  sirup  (O) . 

Pineapple,  canned,  sliced  (D) 

Pineapple,  frozen,  in  sirup  (O) 

Pineapple  juice,  canned,  unsweetened  (O) .  . .  . 
Pineapple  juice,  canned  (D) 

Plums  (R) . 

Plums  (R) . 

Plums,  cooking  (R) . 

Plums,  Victoria  dessert  (R) . 

Plums,  canned,  drained  10) 

Plums,  canned,  in  sirup  (O) 

Plums,  greengage,  canned  (D) . 

Plums,  purple,  canned  (D)  . 

Pomegranate,  pulp  and  juice  (R) . 

Popcorn,  oiled  and  salted  (O) 


Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

.  100 

160 

.  33 

37 

1 

.  54* 

45 

1 

.  22 

1 

.  4 

212 

.  2.7 

259 

.  0.4 

194 

1 

0.5 

160 

.  5 

31 

.  12 

1  ,100 

.  6 

.  4 .8 

1 ,100 

.  3 

120 

5  1  3 

12 

.  2 

1 

5  0.4  3 

5 

.  3 

1 

.  4 

632 

.  5.6 

680 

.  2 

720 

.  0.4 

700 

1 

.  460 

700 

.  120 

820 

7 .6  1 .0  4.3 

8 

740 

2 

.  0.2 

0.1 

.  1  .2 

161 

1 

.  3 

127 

2.5  2.3  2.4 

119 

.  2 

100 

14  2.8  8.5 

2 

.  8.0 

65 

I 

3  0.6  1 

7 

.  0 .3 

1 

.  8 

52 

0.3 

420 

1 

603 

15 

10 

1 

177 

0.6 

170 

6 

316 

0.6 

310 

0.5 

86 

1 

7 .4  4 .4  5.9 

2 

218 

2 

0.3 

210 

6.8  4.6  5.7 

1 

120 

2 

3  0.2  1 

1 

38 

12 

0.5 

140 

11 

3  0.2  0.8 

4  .0 

198 

0.6 

170 

2.0 

1  .7 

195 

188 

9.5  9.0  9.3 

18 

110 

2 

0.7 

1 

3 .0  0.2  2 .0 
0.3 

200 

5 

2,000 

240 

Refer: 

ence 


1 
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FOOD 


Popcorn,  popped  and  oiled  (0) . 

Pork,  lean  (R) . 

Pork,  medium  lean  (R) . 

Pork,  10%  protein  (R) . 

Pork,  salt  (0) . •  •  •  •  •  . . 

Postum,  cereal  beverage,  dry  (O) . 

Postum,  instant,  dry  (0) . 

^Potatoes  (R) . 

Potatoes  (R) . 

Potatoes,  chips  (0) . 

Potatoes,  less  skin  (R) . 

Potatoes,  canned  (0) . 

Potatoes,  canned  (D) . 

Pretzels  (O) . 

Prunes,  with  skin  (R) . 

Prunes,  canned,  in  sirup  (0) . 

'Prunes,  dried  (0) . 

Prunes,  dried  (0) . 

Prunes,  dried  (0) . 

Prunes,  dried  (O) . 

Prunes,  dried,  cooked  (0) . 

Prune  juice,  unsweetened,  bottled  (O) . 

Prune  juice,  in  glass  (D) . 

Pumpkin  (R) . 

Pumpkin  (R) . 

Pumpkin,  less  rind  and  seeds  (R) . 

Pumpkin,  canned  (0) . 

Quail,  breast  meat  (R) . 

Quail,  leg  meat  (R) . 

Quince,  flesh  only  (R) . 

Quince,  flesh  only  (R) . 

Rabbit,  domesticated,  foreleg  (R) . 

Rabbit,  loin  (R) . 

Radish  (R) . 

Radish  (R) . 

Radish,  with  skin  (R) . 

Raisins  (0) . 

Raisins,  seedless  (0) . 

Raisins,  Zante  (0) . 

Raspberries  (R) . 

Raspberries  ( R) . 

Raspberries,  seeds  removed  (R) . 

Raspberries,  black  (R) . 

Raspberries,  oriental  (wineberries)  (R) . 

Raspberries,  red  (R) . 

Raspberries,  canned  (0) . 

Raspberries,  canned  (D) . 

Rennet  tablets  (Junket)  (0) . 

Rhubarb  (R) . 

Rhubarb  (It) . 

Rhubarb  (R) . 

Rhubarb,  frozen,  in  sirup  (0) 

Rice  (O) . 

Rice,  polished  (6) . 

Rice,  polished  and  coated  (O) . 

Rice,  vitaminized  (0) . 

Rice,  brown,  dry  (R) . 

Rice,  white  (0) . 

Rice,  Adolphus,  long  grain  (0). . 

Rice,  wild  (Zizania)  (R). 

Rice  soup,  canned  (D). 

Rice  wafers  (D) . 


Max.  Min. 


28 


28 


12 


15 


28 


11 


m 

gm 

Av. 

Potassium 

Av. 

mg/ 100  gm 

No.  of 
Samples 

Refer¬ 

ence 

3 

240 

1 

58 

260 

1 

68 

300 

5 

42 

169 

5 

1 ,800 

27 

1 

36 

1  ,300 

1 

71 

2  ,200 

1 

5 

496 

5 

6.5 

568 

6 

340 

880 

1 

0.8 

410 

1 

350 

240 

1 

1 

4 

4 

1  ,700 

130 

1 

0.7 

210 

1 

3 

220 

1 

6 

600 

1 

21 

2 

3 

6 

700 

5 

12 

864 

6 

3  .5 

11 

2 

260 

1 

2 

1 

4 

1 

457 

5 

1  .3 

309 

6 

0.6 

480 

1 

2 

240 

1 

35 

160 

1 

44 

190 

1 

0.7 

290 

1 

3  .2 

203 

6 

47 

370 

1 

34 

400 

1 

28 

2 

3 

14 

285 

5 

9 

260 

1 

31 

803 

5 

21 

720 

1 

22 

730 

1 

2.5 

224 

6 

2 

178 

5 

2 

140 

5 

0.3 

190 

1 

0.9 

190 

1 

0.5 

130 

1 

8.4 

2 

3 

0.3 

4 

4 

38,000 

36 

1 

2.2 

425 

6 

2 

286 

5 

1 

70 

1 

2 

160 

1 

12 

2 

3 

6.3 

113 

6 

2 

130 

1 

4 

170 

1 

9 

150 

1 

4 

92 

5 

1  .1 

87 

1 

2 

7 

220 

1 

12 

146 

1 

2 

2  .5 

134 

1 

2 
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Roll  mix  (D) . 

Rutabaga  (R) . 

Rutabaga,  less  skin  and  tops  (R) . 

Sauerkraut,  canned  (O) . 

Sausage  (O) . 

Sausage,  breakfast  (O) . . . . . 

Sausage,  bologna  (0) . ' 

Sausage,  pork  (O) . ’ 

Sausage,  pork  (O) . * 

Seasonings : 

Allspice  (O) . . 

Allspice,  ground  (O) . 

Anise  seed  (0) . 

Basil  leaves  (O) . 

Bay  leaves  (O) . 

Caraway  seed  (O) . 

Caraway  seed  (0) . 

Cardamon,  ground  (O) . 

Cardamon,  seed  (O) . 

Cassia,  cracked  (O) . 

Celery  flakes,  dehydrated  (O) . . 

Celery  salt  (O) . 

Celery  seed  (O) . 

Celery  seed  (O) . 

Cinnamon  (O) . 

Cinnamon,  ground  (O) . 

Cloves  (O) . 

Cloves,  ground  (O) . 

Coriander  seed  (O) . 

Cumin,  ground  (O) . 

Curry  powder  (O) . 

Curry  powder  (O) . 

Dill  seed  (R) . 

Dill  seed  (R) . 

Fennel  seed  (O) . 

Fenugreek  seed  (O) . 

Garlic,  less  skin  (R) . 

Garlic,  powder  (O) . 

Ginger  (O) . 

Ginger,  ground  (O) . 

Ginger,  ground  "(O) . 

Horse-radish,  prepared  (O) 

Horse-radish,  root  (R) . 

Mace  (O) . 

Mace,  ground  (0) . 

Mace,  whole  (O) . 

Marjoram,  powdered  (O) . 

Mint  flakes  (O) . 

Mustard,  ground  (R) . 

Mustard,  prepared  (D) . 

Mustard,  prepared,  paste  (O) . . 

Mustard  seed  (R) . 

Nutmeg,  ground  (O) . 

Nutmeg  (O) . 

Onion  powder  (O) . 

Oregano,  leaf  (O) . 

Paprika  (O) . 

Paprika,  ground  (O) . 

Parsley  (R) . 

Parsley  (R) . 

Parsley  (R) . 

Parsley  flakes  (O) . 


Max. 


40 


Sodium 
mg/100  gm 

Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

Refer¬ 

ence 

28  34 

5 

182 

253 

2 

2. 

5 

5 

260 

li 

1 

630 

140 

720 

257 

6 

6 

1 

880 

170 

....  1 ,300 

230 

740 

140 

1 

6 

770 

158 

62 

680 

1 

120 

7 

7 

7 

13 

16 

27 

T 

17 

1 ,400 

1 

27 

V 

11 

7 

22 

7 

16 

T 

....  2,300 

T 

....  28,000 
...  140 

380 

1 

1 ,400 

1 

...  140 

V 

8 

200 

1 

....  21 

1 

....  210 

1 ,000 

1 

....  24 

7' 

....  40 

7 

14 

7 

45 

1,300 

1 

64 

r 

13 

1 ,000 

i 

18 

7 

52 

7 

52 

7 

6 

510 

1 

22 

7 

29 

34 

42 

96 

8 

45 

82 

150 

32 

43 

10 

4  .0  4  .3 

.  .  1 ,300 

9 

1 ,100 

910 

1 

6 

7 

290 

579 

1 

6 

180 

1 

1 

7 

7 

7 

7 

7 

197 

130 

2 

2 

1 

7 

24 

14 

93 

31 

82 

71 

33 

28 

30 

490 

7 

160 

1 

7 

7 

2,300 

1 

7 

1  ,080 

880 

809 

6 

1 

5 

7 
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Seasonings — Continued : 

Pepper  (0) . 

Pepper,  black  (0) . 

Pepper,  black,  ground  (0) . 

Pepper,  red  (0) . 

Pepper,  red,  ground  (0) . 

Pepper,  white  (0) . 

Pepper,  white,  ground  (0) . 

Peppermint  extract  (0) . 

Poppy  seed  (0) . 

Poultry  seasoning  (0) . 

Rosemary  leaves  (0) . 

Saffron,  Spanish  (O) . 

Sage  (0) . 

Sage,  rubbed  (0) . 

Savory,  powdered  (0) . 

Sesame  seed  (0) . 

Thyme  (0) . 

Thyme,  powdered  (0) . 

Turmeric  (0) . 

Turmeric,  ground  (0) . 

Vanilla  beans  (0) . . 

Vanilla  extract  (0) . 

Vinegar  (O) . 

Vinegar,  cider  (0) . 

Vinegar,  distilled  (0) . 

Worcester  sauce  (0) . 

Sherbet,  raspberry  (D) . 

Shortening,  vegetable,  Crisco  (O) . 

Shortening,  vegetable,  Spry  (0) . 

Sirup,  chocolate,  Hershey  (0) . 

Sirup,  Karo,  crystal  white  (0) . 

Sirup,  maple  (0) . 

Sirup,  sorghum  (O) . 

Sirup,  table  blends  (0) . !  . 

Soup  bases,  powdered,  3  flavors  (D) 

Soybeans,  dry  (R) . [  ’  ’ 

Soybeans,  dry  (R) . 

Soybeans,  with  vegetables,  canned  (D) 

Spaghetti  (D) . 

Spinach  (R) . 

Spinach  (R) . ’  ’  ’ 

Spinach  (R) . . . 

Spinach,  canned  (D) . 

Spinach,  canned  (D) . 

Spinach,  in  glass  (D) . 

Spinach,  frozen  (0) . 

Spinach,  frozen  (0) . 

Spinach  egg  noddles  (D) . 

Squash,  summer,  seeds  removed  (R) . 

Squash,  summer,  white,  less  seeds  and  rinds  (R) 
’  summer>  yellow,  less  seeds  and  rinds 

(R)  . . . . . . 

Squash,  winter,  seeds  removed  (R) . 

Squash,  winter,  Acorn,  less  seeds  and  rind  (R) 
Squash,  winter,  Hubbard,  less  seeds  and  rind 

IK) . 

Squash,  frozen,  cooked  (0) 

Strawberries  (R)  . 

Strawberries  (R) . 

Strawberries  (R) .  ’ '  . . 

Strawberries,  canned  (D) . . 


Max. 


970 


146 


76 

72 


0.8 


Sodium 
mg/100  gm 

Min.  Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

Refer¬ 

ence 

7 

42 

6 

16 

880 

1 

19 

7 

46 

2,400 

1 

28 

7 

5 

48 

1 

9 

7 

0.3 

5 

1 

11 

7 

26 

840 

1 

48 

7 

24 

7 

20 

670 

1 

14 

7 

17 

7 

60 

7 

38 

500 

1 

43 

7 

22 

2  ,700 

1 

66 

7 

18 

7 

1 

74 

1 

1 

5 

1 

100 

1 

0.6 

15 

1 

....  2,100 

480 

1 

21 

1 

9 

4 

Negligible 

1 

0.4 

0.2 

1 

60 

130 

1 

68 

4 

1 

14 

130 

1 

21 

600 

1 

68 

4 

1 

500  717 

3 

9 

4 

1  ,900 

1 

4 

1  ,834 

5 

17 

417 

1 

2 

3 

1 

9 

21  74 

467 

3 

2 

84 

502 

5 

82 

780 

1 

34  53 

240 

3 

2 

12  48 

6 

4 

28 

1 

4 

42 

12 

14 

60 

380 

1 

81* 

315 

2 

1 

150 

5 

0.2 

150 

1 

0.6 

200 

1 

1 

407 

5 

0  .4 

260 

1 

0.3 

240 

1 

6 

120 

1 

•  •  •  .  1 .5 

161 

6 

....  2 

149 

5 

0.8 

180 

1 

0.4  0.5 

5 

4 
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Sodium-Restricted  Diets 
I  able  1 — Continued 


FOOD 


Strawberries,  frozen,  sweetened  (O) 

Sugar,  white  (0) .  . 

Sugar,  white,  granulated,  extra  fine  (6) . 

v  Sugar,  brown,  light  (O) 

^  Sweet  potatoes  (R) . '  . . 

Sweet  potatoes,  less  skin  (R) .  .  .  .  ’  '  ‘ '  ‘ '  " 

Sweet  potatoes,  canned  (O) . . . 

Sweet  potatoes,  canned  (D) . 

Tangerines  (R) . 

Tangerines,  pulp  and  juice  (R) . 

Tangerine  juipe,  canned,  sweet  (6) 

^  Tapioca  (O) . 

Tapioca  (O) . ’ 

T apioca  (O) . . 

Tea,  India-Ceylon-Java  blend,  drv  (6) 

Thymus,  beef . 

Tobacco,  chewing,  Spark  Plug  (0)7. . 

^  Tomatoes  (R) . 

Tomatoes  (R) . 

Tomatoes,  seeds  included  (R) . 

Tomatoes,  seeds  removed  (R) . 

Tomatoes,  with  skin  (R) . 

Tomatoes,  canned  (0) . 

Tomatoes,  canned  (D) . ’  ' 

Tomatoes,  canned  (D) . 

Tomatoes,  canned,  solid  pack  (D) . 

Tomato  catsup  (O) . 

Tomato  catsup  (D) . 

Tomato  juice,  canned  (O) . 

Tomato  juice,  canned  (D) . 

Tomato  juice,  canned  (D) . 

Tomato  juice,  canned  (D) . 

Tomato  juice,  canned  (D) . 

Tomato  juice,  in  glass  (D) . 

Tomato  paste,  canned  (D) . 

Tomato  soup,  canned,  diluted  as  served  (0) .  . 

Tongue (R) . 

Tongue,  beef  (R) . 

Tongue,  fresh  beef  (R). . .  . 

Tripe,  pickled  (O) . 

Turkey,  breast  meat  (R) . 

Turkey,  leg  meat  (R) . . 

•^'Turnips  (R) . 

Turnips,  leaves  (R) . 

Turnips,  white  (R) . 

Turnips,  white,  less  skin  and  tops  (R) 

Turnij)  greens  (R) . 

Veal,  fillet  (R) . 

Veal,  lean  (R) . 

Veal,  muscle  (R) . . . 

Vegetable  soup,  canned,  diluted  as  served  (0) 

^  Walnuts  (R) . 

Walnuts  (R) . 

Walnuts,  black  (R) . 

Walnuts,  English  (R) . 

Watermelon  (R) . . 

Watermelon  (R) . 

Wheat,  beeswing,  outermost  coats  (R) 

Wheat,  entire  (R) . 

Wheat,  entire  (R) . . 

Wheat,  germ,  crude  (R) . . 


Max.  Min. 


21 


10 


12 

10 

5 


5.5 

1 


93 


196 


50 


115 


m 

gm 

Av. 

Potassium 

Av. 

mg/100  gm 

No.  of 
Samples 

2.0 

180 

0.3 

0.5 

0.5 

2 

i 

24 

230 

13 

373 

4 

530 

48 

200 

12 

4 

2.2 

155 

2 

110 

0.6 

170 

4 

20 

4  .2 

20 

5 

19 

4 

1 ,800 

96 

360 

1 ,600 

1 ,800 

2.4 

240 

1 

2.8 

28S 

4 

258 

4 

229 

3 

230 

18 

130 

3 

17 

6.5 

6.5 

276 

1 

1 ,300 

800 

11 

430 

1 

230 

230 

8.7 

251 

2 

3 

22 

4 

2 

7.0 

3 

1 

180* 

1  ,040 

1 

380 

110 

86 

225 

100 

260 

71 

189 

19 

46 

19 

40 

320 

92 

310 

58 

238 

10 

440 

50 

333 

37 

230 

9 

374 

107 

357 

48 

330 

156 

301 

3 

380 

120 

2.7 

687 

2 

503 

3 

460 

2 

450 

0.3 

110 

1 

121 

4 

360 

1  .1 

434  | 

1 

12 

430 

2 

780  1 

Refer 

ence 


4 

e 


e 

i 


2 

e 


5 

5 


4 

12 

2 

1 

2! 

1 

2j 

4 

9 

12 

4 
2 
L 

5 
i; 

10 

1! 

i: 

u 

6 

H 

S' 

1 

5 

6 
1 

10 

1 

6 

5 

1 

1 

1 

5 

1 

2 

5 

1 
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FOOD 

Sodium 
mg/100  gm 

Max.  Min.  Av. 

Potassium 

Av. 

mg/100  gm 

2 

370 

25  12 

18 

364 

2.5 

670 

4 

360 

Voocf  HphittprpH  hrpwprs’.  drv  (O) . 

150 

1  ,700 

11 

1  ,700 

320  9 

115 

1  ,860 

Zwieback  (O) . 

250 

150 

No.  of 
Samples 


1 

19 


Refer¬ 

ence 


1 

2 

2 

1 

1 

2 

1 

1 


REFERENCES 

1.  Bills,  C.  E.,  F.  G.  McDonald,  W.  Nieder- 
meier,  and  M.  C.  Schwartz.  J.  Am.  Dietet. 
Assoc.  25:304-314,  1949. 

2.  Clifford,  P.  A.  Unpublished  data.  Food 
and  Drug  Administration.  Washington, 
D.  C. 

3.  Irwin,  B.  L.,  and  C.  Schuck.  J.  Am.  Dietet. 
Assoc.  27:98-100,  1951. 

4.  National  Canners  Association.  Dietetic 
Canned  Foods.  1953. 

5.  Sherman,  H.  C.  Chemistry  of  Food  and 
Nutrition.  8th  Ed.  New  York.  Macmillan, 
1952. 

6.  McCance,  R.  A.,  and  E.  M.  Widdowson. 
Medical  Research  Council  Special  Report, 
Series  No.  235.  London,  1946. 

7.  Elvehjem,  C.  A.,  and  C.  H.  Burns.  J.  Am. 
Med.  Assoc.  148:1033,  1952. 


8.  Stone,  I.,  P.  P.  Gray,  and  M.  Kenigsberg. 
Wallerstein  Laboratories  Communications 
14:No.  47,  1951. 

9.  Sokolow,  M.,  J.  Addis,  R.  Bramham,  N. 
Hooper,  J.  Leutscher,  K.  Klinghoffer,  A. 
Selzer,  and  E.  SlPPEL.  California  Medi¬ 
cine  74:1-7,  1951. 

10.  Toscani,  V.,  and  V.  Buniak.  Food  Re¬ 
search  12:328-331,  1947. 

11.  Dolan,  I.  L.  J.  Am.  Dietet.  Assoc.  29:659, 
1953. 

12.  Accepted  Foods.  J.  Am.  Med.  Assoc.  151: 
1197,  1953. 

13.  Schuette,  H.  A.,  and  W.  W.  Woessner. 
Food  Research  4:349,  1939. 

14.  Thomas,  H.  R.,  and  M.  N.  Lewis.  J.  Am. 
Dietet.  Assoc.  30:327,  1954. 


Table  2 


SODIUM  CONTENT  OF  FOODS 


(Estimated  Best  Values  Derived  from  Table  1. 


v/ 


FOOD 

Almonds,  unsalted . 

Apples,  raw . 

Cider . ’  ’  ’  . . 

Sauce,  canned .  ’ 

Apricots,  raw . ’ '  ’  *  ‘ 

Unpeeled,  canned . 

Dried . 

Asparagus,  raw . 

Canned  without  added  sodium 

Avocado,  raw . 

Bacon,  raw,  cured . 

Fried  crisp .  .  .  .  !!  ] !  !  !  !  2400  ab 

Baking  powder,  ordinary  (av.) .  9000  b 

Low-sodium .  35 

Bananas . 1 

Barley,  pearled . ’  ’ ’  ’  3 

Beans,  dry,  (Navy,  pea,  etc.)  1 

Beans,  Lima,  raw . 

Lima,  frozen. . variable  a 


a 


Sodium 

mg/lOOgm 

3 
1 
1 
2 
1 

4  a 
10  b 

3 

4  a 

3 

700  ab 


FOOD 


2 

1 

2 


2 

70 

85 

200 

130 

80 

60 

40 


7  b 


Lima,  canned  without  added  sodium 
Beans,  snap,  green  and  yellow  wax,  raw  . 

Beans,  snap,  green  and  yenow  wax,  frozen 
Beans,  snap,  green  and  yellow  wax, 

canned  without  added  sodium . 

v-  Beef,  lean,  muscle,  raw . 

Beef  heart,  raw . 

Beef  kidney,  raw . 

Beef  liver,  raw . 

Beef  tongue,  raw,  unsmoked . 

Beets,  raw . 

Canned  without  added  sodium . 

Beet  greens,  raw .  130 

Beverages : 

Beer . 

Soft  drinks  (Cola  drinks,  fruit  soda, 

ginger  ale,  root  beer,  etc.) . 

Wine  (average) . 

Blackberries,  raw . 

Canned  . 

Blueberries,  raw . 

Canned  . 

Bread,  rye . 

Rye,  unsalted . 

Bread,  white,  enriched . 

White,  unsalted . 

Bread,  whole  wheat . 

Whole  wheat,  unsalted . 

Broccoli,  raw . 

Frozen  . 

Brussells  sprouts,  raw . 

Frozen  . 

Butter,  salted .  1000  ab 

Unsalted,  or  sweet .  10  ab 

Buttermilk,  cultured .  130 


Sodium 

n  ,  ,  mg/lOOgm 

Cabbage,  raw ....  .  - 

Candy .  . .  . 

Cantaloupe . . .  anable  - 

Carrots,  raw .  i'.i 

Canned  without  added  sodium  35  a 

Cauliflower,  raw .  . 

Frozen .  9;; 

Celery . ion 

Cereals,  dry: 

“All-Bran” .  1400 

Corn  flakes . 

“Cream  of  Wheat,”  plain 
“Cream  of  Wheat,”  quick-cooking,  en¬ 
riched . 

Farina,  unsalted . 

“Grape-Nuts” . ......'. 

“Instant  Ralston” 

“Maltex” .  . 

“Muffets” . ;;;;;;;;;;;;;; 

“Pabena” .  640 

“Pabium” . ;;;;;;  620 

“Pettijohn’s” .  2 

Rice  flakes .  720 


660 

2 


90 

2 

660 
1 
4 
4 


7  b 
7  b 
1 

1  a 
1 

1  a 

600  ab 
30  ab 

600  ab 
30  ab 
600  ab 
30  ab 

15 

15 

12 

12 


Rice,  puffed 

Rolled  oats . 

Wheat,  cracked . 

Wheat  germ,  malt-flavored,  “Zing”. 

Wheat  flakes . 

Wheat  flakes,  unsalted . 

Wheat,  puffed . 

Wheat,  shredded . 

“Wheatena” . 

Chard,  raw . 

Cheese,  cheddar . 

Cottage .  290  a 

Cottage,  unsalted  (curd) .  20  3 

Cream,  Philadelphia .  250  3 

Process .  1500  3 


1 

2 

1 

9 

1300 

2 

4 

2 

2 

100  b 
700  3 


Swiss,  domestic. 

Cherries,  raw . 

Frozen  . 

Canned  . 

Chicken  (av.  light  and  dark  meat) . 

Chocolate,  bitter . 

Cocoa,  Dutch  process . 

Plain,  “Hershey” . 

Coconut,  raw . 

Dried,  shredded . 

Coffee,  roasted,  dry . 

Corn,  dry,  white . 

Dry,  yellow . 

Sweet,  raw . 

Sweet,  canned  without  added  sodium. 
Corn  meal . 


700  3 
2 
2 

2  a 
75  b 
10 
60  a 

5 

30 

20 

2 

1 

1 

1 

2  3 
2 


a  The  estimated  sodium  values  may  be  altered  by  various  factors  such  as:  1)  a  high-sodium  packing  water  in  the  case  of  canned 
foods,  2)  quality  separation  by  means' of  brine  in  the  case  of  canned  and  frozen  peas,  I.ima  beans,  etc.,  3)  lye  peeling,  (cannea 
peaches,  citrus  fruits,  apricots,  beets,  tomatoes),  4)  variation  in  the  amounts  of  sodium  chloride  or  sodium-containing  compounds 
added  during  manufacture  (bread,  cookies,  cheese,  meats,  etc.'.  The  figures  for  canned  .oods  a, so  apply  to  (be  glass-pa 
product.  Many  foods  are  specially  prepared  for  use  in  low  sodium  diets  and  their  sodium  content  should  be  stated  on  the  label, 

the  stated  value  should  be  employed  in  diet  calculations.  ...  _,art,Bri  “h” 

b  Variation  is  to  be  expected  in  the  estimated  sodium  content  of  most  foods  listed.  The  sodium  content  of  foods  marked  b 
is  reported  as  especially  variable,  and  the  estimated  values  must  be  taken  as  approximations. 
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Sodium 


Sodium 


FOOD  mg/lOOgm  FOOD  mg/lOOgm 


Crackers . 

Graham . 

“Ry-Krisp” . 

Soda . 

Matzoth . 

Matzoth,  unsalted,  plain . 

Cranberries . 

Sauce,  canned . 

Cream . 

Cucumber,  raw . 

Currants,  raw . 

Dried . 

Dates . 

Duck . 

Eggs,  whole . 

Whites  only . 

w  Yolks  only . 

Eggplant . 

Figs,  raw . 

Canned  . 

Dried . 

Fish  and  Shellfish : 

Bluefish,  raw,  unsalted . 

Catfish,  raw,  unsalted . 

Codfish,  raw,  unsalted . 

Crab,  boiled . 

Flounder,  raw,  unsalted . 

Halibut,  raw,  unsalted . 

Herring,  raw,  unsalted . 

Lobster,  boiled . 

Oysters,  raw . 

Rockfish,  raw,  unsalted . 

Salmon,  raw,  unsalted . 

Canned  without  added  sodium . 

Canned  . 

Sardines,  canned . 

Shrimp,  raw . 

Tuna,  canned . ]  ’ 

Canned  without  added  sodium  . 
Flour,  bleached,  enriched;  whole  wheat 

rye;  buckwheat,  etc . 

Flour,  self-rising . 

Fruit  cocktail,  canned . 

Gelatin,  plain . 

Dessert,  flavored . 

Flavored,  without  added  sodium ... 

Goose,  raw . 

Grapes . 

Grapefruit . 

Canned  . 

Grapefruit  juice,  canned . 

Ham,  cured . 

Hominy,  canned . 

Honey  . 

Ice  Cream . 

Jam . 

Jeily . 

Kale . 

Lamb,  lean,  raw . 

Lemons,  pulp  and  juice 
Lettuce,  head . 


variable  a 
710 
1500 
.  1100 
variable  3 
1 
1 

1  3 
40 
5  b 
2 

20 

1 

85  b 
130 
150 
85 
2 
2 

2  3 
34 


68 
60 
65 
370 
68 
56 
100 
250  b 
variable 
45 
50 
60  a 
540  a 
550  ab 
140 

800  a 
50  a 

2 

1500  a 

5  a 

30  b 
330  b 

10  b 

85  b 
2 
1 

2  a 
2  a 
1100  a 

250  a 

n 

90 

12  a 
12  a 
80  b 

90 

1 

15  b 


^Liver,  beef,  raw .  130  b 

Chicken,  raw .  85 

Goose,  raw .  140 

Pork,  raw .  80 

Turkey,  raw .  50 

Macaroni,  plain .  5  b 

Margarine,  salted .  1100a 

Unsalted .  10  a 


Mayonnaise,  without  added  sodium .  25  a 

Milk,  fresh,  whole  or  skim .  50 

Evaporated,  canned . 100 

Skim,  dried .  525 

Malted,  dry .  440 

“Lesofac”  (modified  low  sodium  milk 

powder) .  13 

“Lonalac”  (modified  low  sodium  milk 

powder) .  15 

Molasses . .’ .  40  b 

Mushrooms,  raw .  5 

Canned  without  added  sodium .  3  a 


Noodles,  egg .  10 

Nuts,  all,  unsalted  (average) .  4 

Oils  (corn,  cottonseed,  cod-liver,  olive, 

peanut,  etc.) . negligible 

Okra,  raw .  i 

Olives,  pickled .  2000  a 

Onions .  jo  b 

Oranges .  i 

Orange  juice,  canned . *  i 

Parsley,  raw .  30 

Parsnips,  raw .  8 

Peaches,  raw .  1 

Frozen .  3 

Canned  .  .  . .  2  * 

Peanut  butter,  prepared  without  added 

sodium .  5  a 

Pears,  raw . 2 

Canned . ’  ’  ’  "  2  a 

Peas,  raw .  2 

Frozen  .  . variable  a 

Canned  without  added  salt ....  2  a 

Dried .  20  b 

Peppers,  green,  raw .  1 

Pineapple,  raw . 

Frozen  . 

Canned . j  a 

Pineapple  juice,  canned .  1  a 

Plums,  raw . 

Canned . \  a 

Pork,  lean,  raw .  55 

Potatoes,  white,  raw 

Prunes,  raw . .  ' .  ? 

Canned .  0  „ 

Dried .  g 

Prune  juice .  ., 

Pumpkin,  raw . ’ .  7 

Rabbit.  .  .i 

Radish...  . 

Raisins... .  *|b 
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Sodium-Restricted  Diets 
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Sodium 

rOOD  mg/lOOgm 

v  Raspberries,  raw .  1 

Canned .  2  a 

Rhubarb,  raw .  2 

Frozen . 2  *- 

\/  Rice,  dry,  polished .  9  v- 

Sauerkraut,  canned .  650  a 

Shortening  (“Crisco,”  “Spry,”  lard,  etc.)  .  negligible 

Sirup,  corn  (“Karo”) .  68  v 

Maple .  14 

Sorghum .  20  b 

Table  blends .  60  b 

Soybeans,  dry .  4 

Spaghetti,  plain .  5  b 

Spices  and  herbs  (all  spices  with  the  ex¬ 
ceptions  of  celery  seed  and  flakes  and 
parsley  flakes  may  be  used  in  sodium 
restricted  diets). 

'/Spinach,  raw .  75  b 

Canned  without  added  sodium .  50  ab 

Frozen .  70  b  v 

Squash,  raw,  all  types .  1 

Starch,  corn .  4 


Pnnn  Sodium, 

1,000  mg/lOOgrr 

Strawberries,  raw . 

Strawberries,  frozen  sweetened .  2 

Canned .  j  ai 

?r’  ^hite . negligible 

Sweet  potato,  raw .  10  b: 

Tangerines .  1 

Tapioca,  dry .  4 

Tea,  blend,  dry .  4 

Tomatoes,  raw .  3 

Canned  without  added  sodium .  3  as 

Tomato  juice,  canned .  230  w 

Canned  without  added  sodium .  5  a, 

Turkey,  raw  .  65  b 

Turnips,  white .  40  b 

Yellow .  5 

Turnip  greens .  10 

Veal,  raw .  100b, 

Vinegar .  1 

Watermelon .  1 

Yeast,  baker’s .  3 

Cultured,  dry .  variable 


SODIUM 


Milk . 

Lonalac,  dry  (a)  . 

Cream . 

Beef,  raw . 

Beef  and  gravy  (»). 
Chicken,  cooked . 

Lamb,  raw . 

Egg . 

Farina,  dry 

Cornflakes . 

Bread,  regular 
Bread,  unsalted  .  . 
Graham  cracker  .  . 
Potato,  white  .  .  .  . 

Carrots . 

Cabbage . 

Lettuce . 

Peas . 

Tomato . 

Grapefruit  juice  .  . 

Grapefruit . 

Orange  juice . 

Oranges  . 

Apples . 

Banana . 

Cantaloupe . 

Grapes,  fresh . 

Peaches,  canned  . . 
Fruit  cocktail  ... 
Pineapple,  canned. 

Plum . 

Butter,  unsalted  . 
Margarine,  unsalted 
Margarine,  salted 

Jam . 

Jelly  . 

Sugar . 

Candy . 

Coffee . 

Coca-cola . 

Root  beer . 

Total  sodium 
Estimated  (mg)  .. 
Total  sodium 
Analyzed  (mg)  .  . 
Per  cent  of 
analyzed  value  . 


B. 


150  23 

100  40 

60  42 


30  27 

50  65 

20  tr. 


126  38 


200 

100 


100 

200 


6 

50 


100 

150 


60 


80 

50 


13 


10 


A.  B. 


330 

280 

118 


400  200 
30  12 


154 

60 


200 

50 

100 

50 

100 

200 


45 

45 


100  130 


126  38 


6 

25 

15 

8 

3 

4 


300 

176 

60 


80 

50 


15 

2 

6 

10 


200  16 
.  .  580 

.  .  501 

...  116 


B. 


800  400 


100 

60 


40 

42 


30  27 

50  65 

20  tr. 

126  756 


200 

100 


100 

200 


6 

50 


200 

300 


36  396 

80  10 
76 


26 


1831 

697 

263 


IV 

V 

VI 

A. 

B. 

A. 

B. 

A. 

B. 

800 

400 

800 

400 

150 

23 

48 

100 

40 

180 

72 

120 

60 

42 

60 

42 

60 

42 

30 

27 

30 

27 

30 

'27 

50 

65 

50 

65 

20 

tr. 

20 

tr. 

20 

132 

100 

600 

100 

600 

100 

30 

14 

99 

200 

6 

200 

6 

200 

6 

100 

15 

50 

1 

50 

1 

100 

3 

100 

3 

100 

3 

200 

4 

200 

4 

240 

2 

100 

1 

75 

i 

200 

2 

100 

1 

50 

l 

150 

3 

150 

2 

60 

6 

40 

440 

60 

660 

60 

7 

60 

7 

60 

7 

50 

50 

50 

50 

50 

180 

360 

360 

4 

189 

1669 

2119 

.  .  .236  (b) 

1204 

2337 

80 

139 

91 

B. 


150  23 
100  40 
60  42 


30  27 
20  tr. 

100  30 

200  6 
100  50 

100  3 


200 

100 


150 


60 


60 

50 

50 

180 


240 

318(f) 

75 


A.  =  Food  daily  (gm) 

B. =  Estimated  Na  (mg) 


(a)  Sodium  reduced  preparation. 

(b)  Check  by  different  laboratory  =242  mg. 

(c)  Check  by  different  laboratory  =299  mg. 
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Table  4 


SODIUM  CONTENT  OF  CARROTS  AND  SP.NACH  BEFORE  AND  AFTER! 

COOKING  IN  VARIOUS  WATERS 


Original  weight  of  sample  (gm)  .... 

Cooked,  drained  weight  of  sample  (gm) '  ’  ’  1 
Loss  in  weight  of  cooked  sample  (per  cent) 

Sodium  in  original  sample  (mg) . 

Sodium  in  cooked,  drained  sample  (mg) .... 
Sodium  lost  from  sample  (mg) 

Sodium  lost  from  sample  (per  cent) 

Original  weight  of  cooking  water  (gm)  !  . 
Final  weight  of  cooking  water  (gm). 

Sodium  in  original  cooking  water  (mg) 

Sodium  in  final  cooking  water  (mg) . 

Total  sodium  (sample  plus  water)  before  (mg). 
Total  sodium  (sample  plus  water)  after  (mg) . 


Carrots 


400 
374 
6.5 
257 
214 
43 
16.7 
200 
72 

None 

39 

257 

253 


d  water 

Sodium  water 

Calcium  water 

Spinach 

Carrots 

Spinach 

Carrots 

Spinach 

400 

400 

400 

400 

400 

344 

379 

312 

380 

347 

14  .0 

5.3 

22.0 

5.0 

13  3 

584 

257 

584 

257 

584 

468 

241 

484 

258 

489 

116 

16 

100 

None 

95 

19  .9 

6.2 

17.1 

16  .3 

100 

200 

100 

200 

100 

118 

110 

59 

18 

73 

None 

50 

25 

None 

None 

106 

67 

97 

13 

101 

584 

307 

609 

257 

584 

574 

308 

581 

271 

590 
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Table  5 


SODIUM  CONTENT  OF  PUBLIC  WATER  SUPPLIES, 
ARRANGED  BY  STATES 

ALABAMA 

Reported  values  less  than  2.0  mg/lOOgm 

Anniston,  Auburn,  Decatur,  Florence,  Gadsden,  Huntsville,  Mobile,  Opelika,  Phenix  City,  Prichard, 
Selma,  Talladega,  Tuscaloosa. 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref.1  City  Na  (mg/lOOgm)  Ref. 

Bessemer . (see  Birmingham) .  1  Fairfield . (see  Birmingham) .  1 

Birmingham  .  0.51r,  0.48f.  0.24r,  0.29f  2 .  1  Montgomery  .5.7,  3.0,  0.29,  8.4,  0.21,  10.5, 

Birmingham.  .2 .  2  1.5,  0.90,  3.9,  10.4 .  1 

Dothan . 0.33r,  2.5r,  2.6r,  0.29f .  1  Montgomery .  .0.8 .  2 


Flagstaff,  Prescott. 


ARIZONA 

Reported  values  less  than  2.0  mg/lOOgm 
Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Amphitheater .  (see  Tucson) . 

Douglas . 32.5,  4.6 . 

Glendale . 12.1c,  6.1c . 

Mesa . 14.6 . 

Phoenix . 2.8c,  7.1c,  5.5c,  11^.7c,  4. 8c . 

Phoenix . 11 . 


Ref.  City  Na  (mg/lOOgm)  Ref. 

Tempe . 11.5,25.9 .  1 

Tucson . 3.3c,  7.8c,  2.6c,  2.0c .  1 

Tucson . 3 .  2 

Wakefield  ....  (see  Tucson) .  1 

Yuma . 8.8r .  1 


ARKANSAS 

Reported  values  less  than  2.0  mg/lOOgm 

Arkadelphia  Camden  Conway  Fayetteville,  Forrest  City,  Fort  Smith,  Hot  Springs,  Jonesboro,  Little 
Rock,  Malvern,  North  Little  Rock,  Pine  Bluff,  Russellville. 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref. 

Blytheville  .  ..  .2.9,  3. Of .  1 

El  Dorado . 0.95,  10.6,  10.2tc . 

Helena . 16. 9r,  16.6t. 

Hope  . 41.9,  11.5,  12.4,  10.7,  44.4.  '  1 

Magnolia . 6.9,  8.6,  7.5t 


City  Na  (mg/lOOgm)  Ref. 

Paragould . 6.3f . 1 

Stuttgart  . . 2.7,  3.2,  2.8 . 

Texarkana . 0.55r,  1.9r,  2.0f,  0.74f,  1.9f..  .  1 

Texarkana . 3 .  2 

West  Memphis. 4.1,  4.5 . 1 


CALIFORNIA 

Reported  values  less  than  2.0  mg/lOOgm 
Monterey,  Ontario,  Redwood  City,  Sacramento. 

Reported  values  more  than  2.0  mg/lOOgm 

Alameda^.  .  (see  Oa^aidf/10°gm)  ^  ^  Na  (mg/lOOgm)  Ref. 

Alhambra . 1.9,  2.5,  2.3,  U  2.7  .  .I.  i!!  !  }  Bi*ersfield  .  3.4 ,  2 .5 ,  2.4,  3.7,  (Range: 

m . 5  °’  3‘3’  L3,  L9,  1-8 .  1  Berkeley  4.7c,  15.8c,  19.5c,'  18.6c.  '. '.  '.  \  \  1 

and  288,  “The  Survey  Circulars  Nos.  197,  203,  206,  221,  232,  253,  269,  283 

Terence  2  are  from  Bills,  el  a,„  “Sodium  and 


(see  text).  ’  fimshed  water.  1  tap  sample  (finished  water)  c  (analyses  in  italics)  =  figure  for  Naand  K 


combined 
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Sodium-Restricted  Diets 
Table  5 — Continued 


CALIFORNIA — Continued 
Reported  values  more  than  2.0  mg/100gm.—  Continued 


City  Na  (mg/lOOgm)  Ref. 

Beverly  Hills..  lb.8rc,  lb-8fc,  16.0rc,  15.9fc  1 

Burbank . 3.3,  3.9,  3.5,  1.9,  3.1  ..  l 

Compton . 4.0,  4.8,  4.4,  2.7,  4.3 .  1 

Contra  Costa 

District . 4.1r,  11.9,  6.5r,  5.6f .  l 

Culver  City - 8.7,  4.4,  9.5,  4.6 .  1 

East  Bakersfield— (See  Bakersfield) .  1 

East  Los 

Angeles . 3.7 .  1 

Eureka . 0.28f,  2.0 .  1 

Eureka . 0.7 .  2 

Fresno . 2.9,  2.3,  1.8,  1.6,  2.2 .  1 

Glendale . 5.7,  3.2,  7.1,  2.0,  2.6 .  1 

Huntington 

Park . 5.4,  6.0,  4.2,  4.4,  4.5 .  1 

Inglewood . 5.2,  6.7,  7.9,  10.4 .  1 

Long  Beach.  .  .  .7.1r,  8. Of,  10. 9f  (see  also  Met. 

Water  Dist.  of  So.  Calif.).  1 

Los  Angeles. ..  .3.4,  5.2,  3.3 .  1 

Los  Angeles. . .  .6,  17,  5 .  2 

Met.  Water 

Dist.  of  So. 

Calif. . (Colorado  River)  9.9r,  18. 9f. .  1 

Lynwood . 5.2,  4.9,  3.9,  3.1,  3.7 .  1 

Manhattan 

Beach . 7.6,9.4,8.6,10.4,8.0 .  1 

Monrovia . 1.4,  2.0,  1.7 .  1 

Monterey  Park  . 2. 8,  2.8,  4.5,  3.0 . .  .  1 

National  City,  .(see  Met.  Water  Dist.  of  So. 

Calif.)  (13.2) .  1 

Oakland . 0.47f,  1.3f,  2.0f,  3.4f .  1 

Oakland . 0.3 .  2 

Oxnard . 10.5,8.6,9.3 .  1 


City  Na  (mg/lOOgm)  Refl 

Palo  Alto . 8.6,  6.5,  11.0,  10.2  .  . . 

Pasadena . (see  Met.  Water  Dist.  of  So. 

Calif.)  1.7c,  2.5c,  3.3c,  2.3c, 

2.6c,  14c,  2.6c . 

Pomona . 1.2,  2.0,  3.2,  1.2,  3.1 

Redondo 

Beach . 5.6,  7.9,  5.4,  9.9,  6.2 . 

Richmond . (see  Oakland). 

Riverside . 1.6,  5.7,  5.1,  3.1,  5.0t . 

San  Bernardino. 4.4,  1.2,  1.7,  3.2,  4.1 . 


San  Diego . 5 .  1 

San  Francisco.  .0.01,  0.88,  1.4,  2.6,  2.8,  1.1, 

1.2,  0.53 . 

San  Francisco .  .  1 .  J 

San  Jose . 2.9 . 

San  Leandro  .  (see  Oakland) .  I 

San  Mateo . (see  San  Francisco) .... 

Santa  Ana . (see  Met.  Water  Dist.  of  So. 

Calif.)  4.5,  4.3,  4.3,  4.3.  .  .  . 
Santa  Barbara.  .5.3,  7.5,  5.4,  4.2,  11.7,  9.9f.  . 

Santa  Barbara. .  10 .  5 

Santa  Cruz.  .  .  ,2.2r,  2. Of,  1.2f . 

Santa  Monica  (see  Met.  Water  Dist.  of  So. 

Calif.)  4.9,  4.4 .  I 

Santa  Rosa.  .  5.9c,  6.7c,  6. be,  2.5c,  5.81c.  ... 

South  Gate.  .  .4.7,  4.6,  4.6,  2.9,  3.4 . 

Stockton . 7.1,  3.1,  7.1  (Range:  1.5-22.7) 

Torrance  . 7.3,  7.5,  6.9  (see  also  Met. 

Water  Dist.  of  So.  Calif.). .  I 

Vallejo . (see  Oakland)  l.Orc,  2.7rc. . .  . 

Whittier . 3.4,  2.0,  1.3,  1.2,  2.2 . 

Whittier . 1 .  * 


COLORADO 


Reported  values  less  than  2.0  mg/lOOgm 
Boulder,  Fort  Collins,  Grand  Junction,  Greeley. 


City 

Colorado 
Springs 
Denver . 


Reported  values  more  than  2.0  mg/lOOgm 


Na  (mg/lOOgm) 


Ref. 


0.51fc,  2.6r,  2.6f . •  1 

.  3.3f,  2.6f,  2.7f,  4.8,  0.72f,  0.27f, 
0.47f .  1 


City  Na  (mg/lOOgm) 

Denver . 3 . 

Englewood . (see  Denver ) . 

Pueblo . l-9r,  2.5f 


Ref 


CONNECTICUT 

Reported  values  less  than  2.0  mg/lOOgm 
town,  Torrington,  Waterbury,  West  Hartford  town,  West  Haven  town. 


Sodium  in  Public  Water  Supplies 
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DELAWARE 

Reported  values  less  than  2.0  mg/lOOgm 

Bellefont,  Milford,  Newark,  Seaford,  Wilmington. 

Reported  values  more  than  2.0  mg/lOOgm) 

City  Na  (mg/lOOgm)  Ref-  City  Na  (mg/lOOgm) 

Dover . 1.4t .  1  New  Castle ....  8. Of . 

Dover . 2 .  2 

DISTRICT  OF  COLUMBIA 
Reported  values  less  than  2.0  mg/lOOgm 


FLORIDA 

Reported  values  less  than  2.0  mg/lOOgm 

Fort  Lauderdale,  Jacksonville,  Key  West,  Lakeland,  Pensacola,  St.  Petersburg,  Tallahassee,  Tampa. 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm)  Ref. 

Bradenton . 6.  If .  1 

Clearwater . 3.8c,  047c,  0.71c,  3.4,  1.3c  .  .  .  1 

Coral  Gables. .  .(see  Miami) .  1 

Daytona  Beach.5.9rc,  7.5fc,  6.9fc .  1 

Gainesvilie . 1.1c,  0.38c,  2.2fc .  1 

Hialeah . (see  Miami) .  1 

Hollywood . 3.  Ire,  11.6fc .  1 

Miami . 1 .3c,  0.83c,  0.32c,  1 ,7rc,  2.7 fc .  1 


City  Na  (mg/lOOgm)  Ref. 

Miami . 2 .  2 

Miami  Beach. . .  (see  Miami) .  1 

Orlando . 1 ,2c,  1 .8c,  1 ,1c,  2.0fc .  1 

Panama  City..  ,0.82f,  2.6f .  1 

Sanford . 3.7c,  3.6c,  2.9c,  2.9f .  1 

Sarasota . 9.0c,  5.7c,  5.2c,  53. Of .  1 

West  Palm 

Beach . l.lrc,  3.2fc,  0.37fc .  1 


GEORGIA 

\ 

Reported  values  less  than  2.0  mg/lOOgm 

Am^ricus,  Athens,  Atlanta,  Augusta,  Cedartown,  College  Park,  Columbus^  Cordele,  Dalton,  Decatur, 
Dublin,  East  Point,  Gainesville,  Griffin,  Lagrange,  Macon,  Marietta,  Newnan,  Rome,  Savannah, 
Valdosta,  Way  cross. 


Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref.  City  Na  (mg/lOOgm) 

Albany.  .  . . 2.8rc,  3.3 fc,  24fc .  1  Moultrie . 2.6rc,3.1tfc . 

0.69rc,  2.0fc . 


n  •  v . ~.w,  .  i  iviounrie . 

Brunswick . 1 .2rc,  1 .2rc,  10.8 fc .  1  Thomasville. 


Ref. 

1 

1 


IDAHO 

Reported  values  less  than  2.0  mg/lOOgm 
Blackfoot,  Coeur  D’Alene,  Kellogg,  Moscow. 


Reported  values  more 
Na  (mg/lOOgm) 


City 

Boise . 1.2 

Boise ...  2 

Sy  ,. . 3.2,  4. (Sc . 

4.i 


Ref. 
1 
2 
1 
1 


2.2,  i.7c,  24c . 


than  2.0  mg/lOOgm 


City 

Lewiston 
Nampa.  . . 
Pocatello 
Twin  Falls 


Na  (mg/100gm) 

0.29rc,  3.1c,  0.69f . 

5.3c,  54 c,  5.1c,  l>.9c 
1.2r,  3.2,  0.60f . 

2.2r,  2.3f  ... 


Ref. 

1 

1 

1 

1 
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ILLINOIS 


Reported  values  less  than  2.0  me/lOOvm 


Reported  values  more 

City  Na  (mg/lOOgm)  Ref. 

Aurora . 204c,  12.9f  .  1 

Champaign  ...  6.3  c,  2.6c,  3.8fc . 

Chicago 

Heights . 3.3c,  2. If .  1 

Elgin . 2.2c,  0.90c,  3.6c,  i. 6 fc.  1 


than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm)  Rei 

Elmhurst . 7.7c,  b.Sc .  . . 

Galesburg  1,3.2c,  35.8c,  28.2c,  29. 8c,  38. 2c 

Galesburg . 30 . 

JoHet . 5.8c,  7.9c,  2.9c,  6.8c'.'. 

Kankakee . 1.6rc,  2.6fc . 


INDIANA 

Reported  values  less  than  2.0  mg/lOOgm 


Anderson,  Bloomington  Columbus,  Connersville,  East  Chicago,  Elkhart,  Fort  Wayne,  Gary,  Hammond 

g  ^eite’  jL^rPortu  Lo£ansP°rt,  Michigan  City,  Mishawaka,  Muncie,  New  Albany,  Richmond 
South  Bend,  Terre  Haute,  Vincennes. 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm)  Ref. 

Evansville . 0.48f .  1 

Evansville . 2 .  2 

Indianapolis.  .  .0.62f,  l.Of,  2.2fc,  1.3fc .  1 

Indianapolis ...  1 .  2 


City 

Kokomo . 3.5f . 

Marion . 2. Or, 

New  Castle.  .  .  ,2.3f. 


Na  (mg/lOOgm) 
2.2r,  Of . ....... 


Ref 


IOWA 


Reported  values  less  than  2.0  mg/lOOgm 


Burlington,  Cedar  Falls,  Cedar  Rapids,  Charles  City,  Creston,  Davenport,  Dubuque,  Fort  Madison  i 
Iowa  City,  Keokuk,  Muscatine,  Newton,  Ottumwa,  Waterloo. 

Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm)  Ref. 

Ames . 1.3r,  2.7f .  1 

Boone . 2.7f .  1 

Cherokee . 2.6f .  1 

Clinton . 3.6f,  1.3f .  1 

Council  Biuffs. .  5. 4f .  1 

Des  Moines. ...  1.6r,  3. 8f .  1 

Des  Moines. ...  1 .  2 


City  Na  (mg/lOOgm)  Ref 


Fort  Dodge.  . .  17.5rc,  6. Of .  3 

Marshalltown .  .2. lr,  2. If .  3 

Mason  City. . .  .4.0 .  3 

Oelwein . 2.0 .  3 

Oskaloosa . 1.2c,  14c,  1.3c,  2.2fc,  1.7f. . .  . 

Sioux  City . 3.7f .  1 


KANSAS 

Reported  values  less  than  2.0  mg/lOOgm 


Dodge  City,  El  Dorado,  Emporia,  Parsons. 

Reported  values  more  than  2.0  mg/lOOgm 


City 

Arkansas  City. 

Atchison . 

Coffey  ville .... 
Great  Bend  . 
Hutchinson  .  . 
Independence 
Junction  City. 

Na  (mg/lOOgm) 

1  n  7f 

Ref. 

1 

City 

Na  (mg/lOOgm) 

Ref 

.  .  .  2 

5.9f . 

2.8r,  2.8f . 

1 

1 

1 

1 

1 

1 

1 

Leavenworth . 
Manhattan .  . 

.  2.2r,  3.3f . 

1 

I 

I 

1U.  <1 . 

14. 4f . 

2.9r,  2.9f . 

2.8r,  2.6f . 

c  Qf 

Pittsburg ... 

.  8.6r,  8.2r,  9.1r,  8.7f . 

1 

1 

Topeka . 

.  7.1r,  8.3f . 

1 

2 

Kansas  oity .  . 
Kansas  City .  . 
Lawrence . 

5.3r,  5.5f . 

2 

1 

Wichita . 

.  5.6r,  5.6f . 

1 

2 

Sodium  in  Public  Water  Supplies 
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KENTUCKY 


Reported  values  less  than  2.0  mg/lOOgm 

fe£:MrtowTehx%,  LMinston' 

Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Louisville . 0.80r,  1.5f . 


Ref. 


City  Na  (mg/lOOgm)  Ref. 

Louisville . 2 .  2 


LOUISIANA 

Reported  values  less  than  2.0  mg/lOOgm 


Gretna,  Lafayette,  Monroe. 


Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref. 

Alexandria . 25.0c,  0.71c,  12.1c,  2.1c,  8.9.  ..  1 

Bastrop . 28.1 . 

Baton  Rouge.  .2.0,  8.2,  7.3,  9.1,  8.3,  7.6c,  6.7.  1 

Baton  Rouge.  .  9 .  2 

Bogalusa . 4.4 .  1 

Bossier  City  .  .  .  (see  Shreveport) .  1 

Crowley . 6.5r,  6.9f .  1 

Jefferson 

Parish . 2.1r,  2. If .  1 


MAINE 

Reported  values  less  than  2.0  mg/lOOgm 

Auburn,  Augusta,  Bangor,  Bath,  Biddeford,  Lewiston,  Portland,  Saco,  Sanford,  South  Portland,  Water  - 
ville,  Westbrook. 


City  Na  (mg/lOOgm)  Ref. 

Lake  Charles..  .8.0,  7.7f .  1 

New  Iberia.  .  .  .2.0,  2.6f .  1 

New  Orleans.  .  2.1r,  2.1r,  2.1f,  2.0t .  1 

New  Orleans. .  .  1 .  2 

Shreveport . 2.3r,  2.3f .  1 

Shreveport . 2 .  2 


MARYLAND 

Reported  values  less  than  2.0  mg/lOOgm 

Annapolis,  Baltimore,  College  Park,  Frederick,  Hagerstown,  Hyattsville,  Mount  Rainier,  Salisbury. 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref. 

Cumberland..  1.7rc, ;  2.0f .  1 


MASSACHUSETTS 
Reported  values  less  than  2.0  mg/lOOgm 

Ar1  mg  ton  town,  Attleboro,  Belmont  town,  Beverly,  Boston,  Braintree  town,  Brockton,  Brookline  town 
Cambridge  Chelsea  Chmopee  Everett,  Fall  River,  Fitchburg,  Framingham  town,  Gloucester’ 
Haverhill  Holyoke,  Lawrence,  Leominster,  Lowell,  Lynn,  Malden  Medford  Melrose  Mptbnpn 


Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref 

Newton . 3.2f .  , 
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MICHIGAN 

...  _  ,  Reported  values  less  than  2.0  mg/lOOgm 

'  H^PaTk  HHigbhO|a„dT0bprK°fmazioELl  STp'  F>™d»1«.  Gra"d  RW<i  I 

Muskegon  Heights,  Port  Huron,  River  Rouge,  Roseville,  Saginaw,^  CIaTshir“?  W^ndoTte'80’ 

Reported  values  more  than  2.0  mg/lOOgm 
City  Na  (mg/lOOgm)  Ref. 


Ann  Arbor . 0.48r,  0.7  lr,  1.2f .  1 


N  a(mg/100gm) 


Bay  City . 

.  3.5r,  5. Of . 

East  Lansing. . 

17. 9f . 

Flint . 

.  1.3r,  1.3f 

Flint . 

.2 . 

Jackson  . 

.  5. Of . 

City 

Jackson . 5 . 

Lansing . 2.bfc _ 

Lansing . 1 . 

Pontiac . 1.5r,  2.5r,  3  j)r,  2.6f . 

Royal  Oak . 10.6r,  6.6f,  15.0f 

Ypsilanti . 4.0/c.  . .  . 


Re 


MINNESOTA 

Reported  values  less  than  2.0  mg/lOOgm 

Albert  Lea,  Austin,  Brainerd,  Duluth,  Faribault,  Fergus  Falls,  Hibbing,  Minneapolis,  Rochester,  Si 


Cloud,  St.  Louis  Park,  St.  Paul. 

Reported  values  more  than  2.0  mg/lOOgm 
Na  (mg/lOOgm)  Ref.  City  Na  (mg/lOOgm) 

Virginia . 0.79r,  2. Of . 


City 

Mankato . 2.2f . 

Moorhead . 15. 5r,  7.4r,  10. Of 

South  St.  Paul  .  0.68,  2.5 . 


Ref. 

1 

1 

1 


Ret 


Winona . 5.7f . 

Winona . 5 . 


MISSISSIPPI 

Reported  values  less  than  2.0  mg/lOOgm 
Columbus,  Hattiesburg,  Jackson,  Meridian. 

Reported  values  more  than  2.0  mg/lOOgm 


City 

Na  (mg/lOOgm) 

Ref. 

City 

Na  (mg/lOOgm) 

Biloxi . 

.  13. 8r,  39. lr,  21.2r,  22.0r,  33.0f 

1 

Laurel . 

.  6.6,  3.0,  2.6,  7.9,  4.4f . 

Biloxi . 

.  .23 . 

2 

McComb 

.1.3,  2.7,  2.7,  2.4f . 

Clarksdale.  . 

.  16.5 . 

1 

Natchez . 

.  .  3.5r,  3.4f . 

Corinth . 

,  .  2.2f,  0.3 lr,  7.7r . 

1 

Pascagoula  . 

.  .  24. 4f . 

Greenville 

.  .  14. 5f,  15.6 . 

1 

Tupelo . 

4.6,  4.5f . 

Greenwood  .  . 

.  . 8.3f . 

1 

Vicksburg .  .  . 

.  .  3.2r,  3. If . 

Gulfport . 

.  13.5,  7.2,  6.0,  5.1,  5.3,  5.5,  6.4 
8.0,  12.4,  9.3f . 

1 

Yazoo  City .  . 

.  . 7.7f . 

Rel 


MISSOURI 


Reported  values  less  than  2.0  mg/lOOgm 
Cape  Girardeau,  Hannibal,  Joplin,  Moberly,  Poplar  Bluff,  Sedalia,  Springfield. 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Clayton . (see  University  City) . 

Columbia . 4.4t . 


Independence  .  .  (see  Kansas  City) 
Independence .9 

Jefferson  City.  2.7f . 

Jefferson  City.  .3 . 


Jennings . (see  University  City) 

Kansas  City.  6.6f,  5.lfc,  i.lrc 

Kansas  City  ...  10 . 

Kirkwood . 2.1r,  2. Of . 

Maplewood  ...  (see  University  City) 


Ref.  City  Na  (mg/lOOgm) 

1  Richmond 

1  Heights  ...  (see  University  City) . 

1  St.  Charles.  .  .  2.4r,  2.3f 

2  St.  Joseph . 4.9f 

1  St.  Joseph  9 

2  St.  Louis  3.5rc,  3.3 fc,  S.^rc,  3.3 fc 

1  St.  Louis . 5 . 

1  University 

2  City . 3.3rc,  3.\{c . 

1  Webster  . 

1  Groves . (see  University  City) .  . 


1 
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MONTANA 


Reported  values  less  than  2.0  mg/lOOgm 
Anaconda,  Bozeman,  Butte,  Helena,  Kalispell,  Missoula. 


City 
Billings  . . 
Billings. . 


Reported  values  more  than  2.0  mg/lOOgm 


Na  (mg/lOOgm) 

2.8r,  2.9f . 

1 . 


Ref. 

1 

2 


City  Na  (mg/lOOgm) 

Great  Falls.  .  .  ,2.0r,  2.0f . 

Miles  City . 6.8r,  34. Or,  11.2f . 


Ref. 

1 

1 


NEBRASKA 

Reported  values  less  than  2.0  mg/lOOgm 


Grand  Island,  Norfolk. 


Reported  values  more  than  2.0  mg/lOOgm 


City 

Na  (mg/lOOgm) 

Ref. 

City 

Na  (mg/lOOgm) 

Ref. 

Beatrice. 

.  .  .2.0 . 

1 

Lincoln . 

.3 . 

2 

Fremont .... 

. .  .3. It . 

1 

North  Platte. 

.  1 1.2t . 

1 

Hastings .  . 

.  .  . 2.6t . 

1 

Omaha . 

4 . 1  r,  6.2f . 

1 

Kearney .... 

.  .  9.8t . 

1 

Omaha . 

.8 . 

2 

Lincoln . 

.  .  .3.2,  S.lfc,  3.0,  4.0/c . 

1 

Scottsbluff  . 

.  10.4 . 

1 

NEVADA 

Reported  values  less  than  2.0  mg/lOOgm 
Carson  City,  Ely,  Las  Vegas,  North  Las  Vegas,  Reno,  Sparks. 

Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Boulder  City. .  .8. Ore,  12.8fc . 

Elko  . 3.9t . 


Ref.  City 

1  Henderson . 9.2fc . 


Na  (mg/100gm) 


Ref. 

1 


NEW  HAMPSHIRE 
Reported  values  less  than  2.0  mg/lOOgm 

Berlin,  Concord,  Dover,  Keene,  Laconia,  Manchester,  Nashua,  Portsmouth,  Rochester. 


inew  JERSEY 


Reported  values  less  than  2.0  mg/lOOgm 


City 
Camden . 


Reported  values  more  than  2.0  mg/lOOgm 
Na  (mg/lOOgm)  Ref.  City 

A'®’,  9-44<  0-44,  Camden . 0.9 


Na  (mg/lOOgm) 


Ref. 


0.68,1.1,0.39,5.9 .  1  Rahway . '  OMrc,  2.2t ^  .  \ 
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NEW  MEXICO 

Las  Vegas,. Santa  Fe.  Reported  values  less  than  2.0  mg/lOOgm 


Reported  values  more 

City  Na  (mg/lOOgm)  Ref. 

Albuquerque. .  .4.2c,  7jc .  1 

Albuquerque ...  5 .  2 

Carlsbad . 8.3 ,114  c. .  1 

Clovis . 3.9  ( 

Callup . 16.6rc,  16.7fc. . 


than  2.0  mg/lOOgm 


C^y  Na  (mg/lOOgm) 

Hobbs . 4.1 

Las  Cruces ....  5.7,  i.7.3 . 

Roswell . 12.4,  5.4.. . 

Tucumcari . 11.8,5.4... 


Ref 


NEW  YORK 

Reported  values  less  than  2.0  mg/lOOgm 

t™LnCa\>r«m  *  ?rWn’  Joh”son  City,  Kenmore,  Kingston,  Lackawanna,  Levittown,  Lockport  Middle 
town,  Mount  \ernon,  Newburgh,  New  Rochelle,  New  York,  Niagara  Falls  North  Tonawanda 
9  e“’  Oswego,  Port  Chester,  Poughkeepsie,  Rochester,  Rockville  Center,  Rome,  Schenectady 
Syracuse,  Troy,  Utica,  \  alley  Stream,  Watertown,  White  Plains,  Yonkers.  y 


NORTH  CAROLINA 


Reported  values  less  than  2.0  mg/lOOgm 

Albemarle,  Asheville,  Burlington,  Charlotte,  Concord,  Durham,  Fayetteville,  Gastonia,  Goldsboro, 
Greensboro,  Greenville,  Henderson,  Hickory,  High  Point,  Kannapolis,  Lexington,  Monroe,  Raleigh, 
Reidsville,  Rocky  Mount,  Salisbury,  Sanford,  Shelby,  Statesville,  Thomasville,  Wilson,  Wilmington, 
Winston-Salem.  6 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref.  City  Na  (mg/lOOgm)  Ref. 

Elizabeth  City  6.3rc,6.9fc .  1  New  Bern . 045rc,  6.7 fc .  1] 

Kinston . 4.0c,  4.0c,  4 ,8c,  b.7c,  24 c.  ...  1 


NORTH  DAKOTA 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Bismarck . 3.1r,  3. If . 

Bismarck . 6 . 

Dickinson . 57. 4r,  l.Or,  29. Ore,  19. 9f 

Fargo . 2.3r,  4.9f . 

Fargo . 5 . 

Grand  Forks.  .  1.9rc,  3.8rc,  l.Or,  3.3f.  . . 


Ref.  City  Na  (mg/lOOgm) 

1  Grand  Forks.  .  6 . 

2  Jamestown.  .  .  .  11.3r,  11. Of . 

1  Mandan . 5.7r,  6.3f . 

1  Minot . 35.9f,  18. Of,  23.3f . 

2  Minot . 25 . 

1  Williston . 5.5r,  5.7f . 


Ref. 

2 

1 

1 

1 

2 

1 


OHIO 

Reported  values  less  than  2.0  mg/lOOgm 

Akron,  Barberton,  Canton,  Cincinnati,  Cleveland,  Cleveland  Heights,  Cuyahoga  Falls,  Dayton,  East 
Cleveland,  East  Liverpool,  Elyria,  Euclid,  Lakewood,  Lima,  Lorain,  Mansfield,  Middletown,  Parma, 
Sandusky,  Shaker  Heights,  South  Euclid,  Springfield,  Steubenville,  Toledo,  Warren,  roungstown. 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm)  Ref. 

Alliance . 0.85r,  2.2f . 

Columbus . 0.92rc,  If.9fc .  1 

Columbus . 5 .  2 

Hamilton . 0.84r,  l.Of .  1 

Hamilton . 3 .  2 


City  Na  (mg/lOOgm)  Ref. 

Marion . 1.5r,  12. 5f  1 

Marion . 17 . ■ .  " 

Massillon . 0.84r,  1.2r,  0.68r,  3.6f .  1 

Zanesville . 3.7t .  1 
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OKLAHOMA 


Reported  values  less  than  2.0  mg/lOOgm 

Ada,  Ardmore,  Bartlesville,  Duncan,  Lawton,  McAlester,  Muskogee,  Sapulpa,  Shawnee,  Stillwater,  Tulsa 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Chickasha . 7.8f . 

El  Reno . 9.6r,  13.1f . 

Enid . 5.8f . 

Miami . 2.9 . 

Norman . 20.7 . 

Oklahoma 

City . 5. Or,  4.9f . 


Ref. 

1 

1 

1 

1 

1 

1 


City  Na  (mg/lOOgm) 

Oklahoma 

City . 10 . 

Okmulgee . 2.8f . 

Ponca  City.  ..  .1. Ire,  13.2rc,  2.7f . 

Seminole . 4.0t . 


Ref. 

2 

1 

1 

1 


OREGON 

Reported  values  less  than  2.0  mg/lOOgm 

Albany,  Astoria,  Bend,  Coos  Bay,  Corvallis,  Eugene,  Medford,  Portland,  Salem,  Springfield. 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref.  City  Na  (mg/lOOgm)  Ref. 

Klamath  Falls.  3.0c .  1  Pendleton . 2.6c .  1 


PENNSYLVANIA 

Reported  values  less  than  2.0  mg/lOOgm 

Abington  township,  Allentown,  Altoona,  Bethlehem,  Chambersburg,  Chester,  Dunmore,  Erie,  Greens- 
burg,  Harrisburg,  Haverford  township,  Hazleton,  Johnstown,  Kingston,  Lancaster,  Lebanon,  Lower 
Merion  township,  Nanticoke,  New  Castle,  New  Kensington,  Norristown,  Oil  City,  Pottstown, 
Pottsville,  Reading,  Scranton,  Sharon,  State  College,  Uniontown,  Upper  Darby  township,  Washing¬ 
ton,  Wilkes-Barre,  Williamsport,  York. 


Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Aliquippa . 12.7tc,  3.9rc . 

Beaver  Falls.  .  2.\rc,  2.3rc,  2.0fc . 

Bradford . 3.\lc . 

Butler . 1.8rc,  3.1  fc . ' 

Charleroi . 3.3 fc . 

Clairton . 4.2/c . ...[ 

Duquesne . 5.3rc,  3.5 fc _ 

Easton . 2.6rc,  0.27rc,  0.48f 

McKeesport  2.8fc . 


McKees  Rocks. 3.3rc,  7.3}c 


Ref. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


City  Na  (mg/lOOgm)  Ref. 

Monessen . (see  Charleroi) .  1 

Mount  Lebanon 

Township ....  (see  Pittsburgh) .  1 

Philadelphia  1.9rc.  0.69rc,  0.90rc,  0.27tc, 
O.SUc,  0.6'+rc,  O.lOrc,  O.bbrc, 

0.22tc .  1 

Philadelphia ..  .2 .  2 

Pittsburgh . 0.50JC,  )*.9fc,  5.8fc,  94 fc 1 

Pittsburgh . 6 .  2 

Wilkinsburg. . .  .  34rc,  1 .6}c ............  \ 


RHODE  ISLAND 

Reported  values  less  than  2.0  mg/lOOgm 

BriStWooS)ke,.Fa"S'  CranSl°n’  NeWP°rt'  Pawtucket'  Providence,  Warwick.  West  Warwick  town. 

Reported  values  more  than  2.0  mg/lOOgm 

P  0  C'ty  Na  (mg/100gm)  Ref 

East  Providence  town . 2.9f,  0.46,  0.50  j 
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SOUTH  CAROLINA 


Reported  values  less  than  2.0  mg/lOOgm 


Reported  values  more 

City  Na  (mg/lOOgm)  Ref. 

Bennettsville .  .  l.hrc,  2.8fc  i 

Chester . 0.76rc,  2. 5f 

Conway . 26. he,  2h-5c,  25. he .. 


than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm) 

Florence . i.2rc,  1.7rc,  3.1  fc 

Georgetown.  .  2l.5rc,  21.9rc,  2h'.6rc 
Marion . h-hc,  h-3c,  h-3c... 


Ref 


SOUTH  DAKOTA 

Reported  values  less  than  2.0  mg/lOOgm 
Brookings,  Lead,  Rapid  City,  Sioux  Falls. 


City 
Aberdeen . 
Aberdeen . 
Huron 
Mitchell. . 


Reported  values  more  than  2.0  mg/lOOgm 


Na  (mg/lOOgm)  Ref. 

.  2.6r,  2.5f .  i 

.20 .  2 

.  3.9r,  4.6f .  l 

.  6.6r,  14. 4f .  1 


City  Na  (mg/lOOgm) 

Pierre . 9 . 

Watertown ....  5.3f . 

Yankton . 5.7r,  6. If . 


Ref! 

2 

I 

1 


TENNESSEE 

Reported  values  less  than  2.0  mg/lOOgm 

Bristol,  Chattanooga,  Clarksville,  Cleveland,  Columbia,  Dyersburg,  Elizabethton,  -Jackson,  Johnson 
City,  Kingsport,  Knoxville,  Morristown,  Murfreesboro,  Nashville. 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref.  City  Na  (mg/lOOgm)  Ref. 

Memphis.  .  .  .0.82,  0.92,  4.0,  0.83,  1.2,  3.5  Memphis . 2 .  II 

1.7r,  1.3r,  1.6f,  1.5f .  1 


TEXAS 

Reported  values  less  than  2.0  mg/lOOgm 
Del  Rio,  Denison,  Longview,  Marshall,  Paris,  San  Antonio,  Sweetwater. 

Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm) 

Abilene . 0.93r,  1.3r,  5.2r,  5.7r,  6. It  . 

Alice . 33. 3r,  29.0r,  39. 8r,  31.3r,  31. 7r 

Amarillo . 3.6,  3.7,  2.5,  2.4,  2.8,  2.6 

Austin . 3.hrc,  4.4r,  4.7f . 

Austin . 3 . 

Baytown . 27. lr . 

Beaumont . 1 .1  rc,  3. 9r,  4.  If 

Big  Spring . 2.8,  1.1,  3.3,  0.62,  1.9,  0.35rc, 

1.2r,  3. Of . 

Borger . 2.4 . 

Brownsville.  . .  12.6fc . 

Brownsville.  ... 6 . 

Brownwood ....  2. Or,  1  .If . 

Brownwood ....  2 . 

Bryan . 7. Ire,  19.2rc,  6.9rc,  7. It . 


Ref. 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

2 

1 

2 

1 


City  Na  (mg/lOOgm)  Ref. 

Cleburne  23. lr,  23. lr,  23. lr,  22.2r .  U 

Corpus  Christi  h-2rc,  3.5r,  24. 4r,  5.8t 

Corpsu  Christi  15 . • .  2 

Corsicana . 4.6r,  6.4r,  4.7f . 

Dallas . 38. 5r,  3.5r,  3.5f,  3.5f  1 

Dallas . 3 .  2. 

Denton . 22.7rc,  23.5rc,  19.3,  18.7rc 

22.9tc  .  1 

El  Paso . 8.8c,  17.3c,  13.8,  19.7f  1 

Fort  Worth  ...  1.8r,  1.7r,  1.9f,  31.3  1 

Galveston . 30.8rc,  5h-5rc,  25.7rc,  2h-5rc, 

35.1  fc .  I 

Galveston . 34 .  r 

Grand  Prairie.  2h-7c,  31.9c,  31.8  1 
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TEXAS — Continued 


Reported  values  more  than  2.0  mg  lOOgm)  Continued 


City 
Greenville 
Harlingen 
Houston . . 


Na  (mg/lOOgm) 

2. 1  r,  2.2f . 

20. 2r,  12. 2f,  20.3f . 

14.7,  13.9,  6.4, 11.3c,  15.2  21.9, 
15.3,  10.2,  5.2,  6.4 . 


Houston . 16 . . . 

Kingsville . 30.5,  31  -7c,  30.8 . 

Laredo . 16. 5r,  15. 9f . 

Lubbock . 16.0c,  7.9,  7.6c,  6.9c,  16.6c 

11.5,  5.9c,  15.0c,  5.3 . 

Lufkin . 13.4r,  15. Ore,  H.2rc,  2.8r . 

McAllen . 8.8rc,  8.8f . 

Midland . 38.7,  21.1,  13.5c,  7.5c,  12.2c. 

Odessa . 8.1,  3.7,  2.5,  2.7c,  5.2t . 

Orange . 10.5rc,  10. 8f . 

Pampa . 11. 7r,  3. Of . 

Pasadena . lS.krc,  12. lr . 

Plainview . 2.8,  4.5 . 


Ref. 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


City  Na  (mg/lOOgm) 

Port  Arthur. . .  .5.5t . 

San  Angelo.  .  .  .4.3r,  6.1ttc . 

San  Angelo  ....  5 . 

San  Benito  ....  10.  If . 

Sherman . 33.7r,  36. 5r,  10. 9r . 

Temple . 18. lr,  43. 8r,  4.8f . 

Texarkana . 0.55r,  1.9r,  2. Of,  0.74f,  1.9f.  . 

Texas  City.  .  .  31. Ore,  30. 7t . 

Tyler . 0.45r,  l.Orc,  l.lf,  2.9r,  5.3r, 

13. lr . 

Victoria . 14. 6r,  15. 2r,  13. 4r,  22. lr, 

14. 8t . 

Waco . 3. Or,  1.5r,  24.0r,  24. 8r,  1.5f.  . 

West  University 

Place . 9.8rc,  9.3rc,  ll.^rc,  15. If.  .  . 

Wichita  Falls.  .2.5r,  30. 4r,  2.6fc . 


Ref. 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


UTAH 


Reported  values  less  than  2.0  mg/lOOgm 


Brigham  City,  Logan,  Orem,  Provo. 

Reported  values  more  than  2.0  mg/lOOgm 


City  Na  (mg/lOOgm)  Ref. 

Murray . 0.39,  1.6,  3.5 .  1 

Ogden . 0.85,  3.1,  1 ,8c,  U.6c,  23.5 .  1 

Salt  Lake  City  0.37c,  1.6,  O.Uc,  0.87c,  1.2, 

1.7c,  2.3,  3.5 .  1 


City  Na  (mg/lOOgm) 

Salt  Lake  City  .0.8 . 

South  Salt 

Lake . 5.2 . 

Tooele . 1.4,  2.2,  1.2 . 


Ref. 

2 


1 

1 


VERMONT 

Reported  values  less  than  2.0  mg/lOOgm 
Barre,  Bennington,  Burlington,  Montpelier,  Rutland,  St.  Albans,  St.  Johnsbury. 


VIRGINIA 


Reported  values  less  than  2.0  mg/lOOgm 

Alexandria,  Arlington  county,  Bristol,  Charlottesville,  Danville,  Falls  Church,  Fredericksburg,  Harrison - 
burg,  Lynchburg,  Martinsville,  Newport  News,  Norfolk,  Petersburg,  Portsmouth,  Pulaski,  Rich¬ 
mond,  Roanoke,  South  Norfolk,  Staunton,  Suffolk,  Waynesboro,  Winchester. 


Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref. 

Hopewell . 2.1r,  1.7f .  i 


WASHINGTON 


Reported  values  less  than  2.0  mg/lOOgm 

Aberdeen,  Bellingham,  Bremerton,  Everett,  Longview  OlvmDia  Rent™  ^sttlo  q™i  ™ 

Vancouver,  Walla  Walla,  Wenatchee,  Yakima.  Y  P  ’  K  nton>  Seattle,  Spokane,  Tacoma, 


Reported  values  more  than  2.0  mg/lOOgm 

Clty  Na  (mg/lOOgm)  Ref. 

Richland . 2.1,0.85,1.6 .  , 
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Table  5 — Concluded 


WEST  VIRGINIA 

Reported  values  less  than  2.0  mg/lOOgm 

Charleston,  WeSon!eWheeHng^kSbUrg’  Elklns’  Fairmont,  Martinsburg,  Nitro,  St.  Albans,  Soutl 

Reported  values  more  than  2.0  mg/lOOgm 

Huntington.  .  .  .3.8f,  0.58^  Ret.  City  Na  <mg/100gm> 

Huntington.  .  .  .3  \  Moundsville  .  .  2.3f 

Morgantown .  .  .  3.3f,  0. 12f  j 


Ref 


2  Parkersburg. ..  .2. 9f' 


WISCONSIN 

Reported  values  less  than  2.0  mg/lOOgm 

APP,i?l  shno^odKl^i 

Reported  values  more  than  2.0  mg/lOOgm 

FonduW  Na  <m2/1008m)  Ret-  City  Na  <mg/100gm)  Ret! 

on  du  Lac - 3.8f .  1  Green  Bay . 2.3r,  4.0r,  3.5r,  1.5r,  1.3r .  1 


WYOMING 

Reported  values  less  than  2.0  mg/lOOgm 
Cheyenne,  Laramie,  Rawlins,  Sheridan. 

Reported  values  more  than  2.0  mg/lOOgm 

City  Na  (mg/lOOgm)  Ref. 

Casper . 5.9f .  1 

Riverton . 16.0,  14.2 . ’  ’  ’  j  i 


City  Na  (mg/lOOgm 

Rock  Springs..  .  5.4t . 

Worland . 13.6r,  16.7r,  18. 8f . 


Ref 


ft 


Table  6 


average  collaborative  analyses  for  sodium  AND  potassium 


Sample  and  method 

Sodium  (mg/lOOgm) 

Potassium  (mg/lOOgm) 

Collaborator 

Collaborator 

1 

2 

3 

4 

1 

2 

3 

4 

Dried  milk  (flame) . 

Dried  milk  (chemical) .... 

523 

550 

557 

557 

554 

497 

488 

1655 

1690 

1700 

1564 

1603 

Dried  bread  (flame) . 

Dried  bread  (chemical)..  . 

935 

960 

901 

934 

924 

839 

745 

190 

216 

178 

153 

172 

Dried  corn  (flame) . 

<1 

1 .3 
10.8 

0.3 

62 

58 

315 

315 

343 

338 

364 

Soybeans  (flame) . 

<1 

2.1 

0.5 

0.7 

64 

48 

1544 

1697  . 

1720 

1689 

1728 

Dried  peas  (flame) . 

6 

8.3 

4  .3 

6.0 

127 

92 

1246 

1354 

1450 

1314 

1369 
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